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GENERAL INTRODUCTION 
Introduction 
The quality of a sport fishery is determined, to a great extent, by the fish 
corrununity structure. Influencing community structure, however, has 
generally not been the primary objective of fishery management activities, 
which are usually directed at single species (Carline 1986). As the evidence for 
strong interrelationships between different community components in lentic 
systems accumulates (Carpenter et al. 1985; McQueen 1990), it has become 
increasingly apparent that a community level approach to management will 
lead to improved insight into the ecological relationships affected by 
management actions and, consequently, to more effective fishery management. 
Definition of community and assemblage 
A community is a group of species' populations which occur together in 
space and time (Begon et al. 1986). Whether or not and to what degree the 
species must interact in order to be termed a community is a point of much 
disagreement (Ricklefs 1976); however, a community is often defined on the 
basis of interacting populations, while the terms association or assemblage are 
frequently used to describe groups of populations that occur in the same area 
regardless of interaction. Further, how an investigator defines the space and 
time boundaries is dependent upon the question being asked (Diamond and 
Case 1986) as well as on biological realities. Spatially, a fish community can be 
addressed on a multitude of levels such as biogeographical regions, drainage 
basins, whole lakes, or particular locations within a lake. Temporally, one may 
be concerned with the populations found together during a particular time of 
day, season of year, generation time, or on a broad geologic time scale. Finally, 
one can view a community in terms of a set of closely interacting species, on the 
basis of a trophic level, as a food web, or from numerous other perspectives 
(Diamond and Case 1986). The boundaries chosen to define a community must 
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be carefully selected, but will always be encumbered by the vagueness associated 
with such delineations in actual communities. Nonetheless, in order to ask 
questions about community ecology, one must make these delineations or face a 
limitless demand for data that would be needed to describe the relationships 
among the populations that comprise communities. 
In a manner similar to the term community, the definition for community 
structure can have either a functional- or component-oriented slant. Taking a 
functional approach, Helfman (1978) used the pattern of resource allocation 
among the species as a definition of community structure. From a component 
perspective, Carline (1986) defined community structure as the relative 
proportions of species or species groups according to their numbers or biomass. 
In terms of applications of community ecology to fisheries management it is 
readily apparent that both definitions play a role. For prediction of potential 
impacts of some perturbation on the community, such as the implementation 
of a management strategy, it is imperative that the functional interactions be 
known. However, functional relationships are difficult to discern, indeed few, if 
any, are well known. Also, as the complexity of a community increases so does 
the potential number of interactions. Alternatively, managers must make 
decisions regarding harvest policy based on numbers or biomass of fish 
available. Here, knowledge of the levels of the components rather than their 
proportions is necessary. 
In this study a community will be defined as all fishes found within one 
body of water, regardless of the degree of interaction. Community structure will 
be assessed in terms of numbers and biomass of the fish in the lake. A lake, in 
the sense used here, incorporates man-made and natural lakes. The analysis 
will begin at the species level but a life history based guild system, which will 
group together species with very similar life histories, will also be used. This 
will allow comparison of community structure between lakes even if the species 
composition of the lakes differ. 
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Role of community ecology in fisheries 
In 1887 Stephen A. Forbes stated: 
He will thus be made to see the impossibility of studying any form 
completely, out of relation to the other forms, - the necessity for taking a 
comprehensive survey of the whole as a condition to a satisfactory 
understanding of any part. If one wishes to become acquainted with the 
black bass, for example, he will learn little if he limits himself to that species. 
He must evidently study also the species upon which it depends for its 
existence, and the various conditions upon which these depend. He must 
likewise study the species with which it comes in competition, and the entire 
system of conditions affecting their prosperity, and by the time he has studied 
all these sufficiently he will find that he has run through the whole 
complicated mechanism of the aquatic life of the locality, both animal and 
vegetable of which his species forms but a single element. 
S. A. Forbes (1925) 
Knowledge of the functioning of the community, as foreseen by Forbes, has 
long been recognized as important in understanding the role of the individual 
species. However, the role of community ecology in the fisheries literature, at 
least until recently, has not been nearly as prominent as one would guess based 
on such early realization of its importance. 
The reasons for the lack of interest in community ecology by fisheries 
biologists, specifically management biologists, are several; (1) fisheries tends to 
be management-driven where quick, easy-to-calculate indices are preferred for 
making management decisions, (2) fisheries tend to be single species driven, (3) 
biologists tend to be trained in traditional fisheries environments where basic 
ecology is taught, but more advanced concepts are not integrated into fisheries 
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research and, consequently, the literature, and (4) there exists little research by 
community ecologists into fish communities due, in part, to ignorance of the 
valuable fisheries data sets available. 
The analogy made by Rigler (1982) of the lack of communication between 
fisheries scientists and limnologists can easily be extended to that between 
fisheries scientists and community ecologists. The paradigm of classical 
fisheries science is an emphasis on individual populations regardless of 
interactions with other biota. This paradigm, albeit recently changing 
somewhat, has had little interest for ecologists. Fisheries has, instead of 
integrating the work of community ecologists, developed its own perspective on 
communities based more on management utility. For example, the indices of 
Swingle (1950) encompass community concepts in that, for a quality fishery, the 
populations must exist in certain proportions to each other. The community 
perspective was advanced greatly by Jenkins (1967; 1976; 1977) with his analyses 
of reservoir cove rotenone data. Empirical models were developed for fish 
standing stocks in relation to biotic and abiotic factors, including those of other 
fish populations. Unfortunately, little work has been done on interaction 
between community components or the development of communities. 
More recently a great deal of interest has been shown in aquatic 
communities in terms of relationships between trophic levels (e.g.. Carpenter et 
al. 1985; McQueen et al. 1986) due, in part, to the possible management 
implications. The manipulation of one trophic level can have a large impact on 
other levels. For example, where planktivorous fishes feed on zooplankton 
which feed on phytoplankton, any change in planktivore biomass can alter the 
biomass of each lower level. The thrust of Carpenter's and McQueen's research, 
though not in agreement with each other, is useful not only in the practical 
sense but to illustrate the thesis of Rigler (1982) that the paths of even such 
closely related fields as limnology and fisheries rarely cross except when one is 
recognized as having something to offer the other. Why should it be that such 
closely related fields meet only on such rare occasions? What can the individual 
fields gain by interacting with each other at earlier stages in the scientific 
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process? 
Fisheries biologists can benefit a great deal from the incorporation of 
community ecology concepts at an early stage in developing management 
strategies. First, management almost always involves manipulation of either a 
fish population or some environmental factor that directly affects fish 
populations with the intent of altering the biomass of the fishable stock. 
Commonly, other populations will also be affected, and it is the interaction 
between the target population and the rest of the community that often dictates 
the success or failure of the management strategy. Knowledge of the 
interrelationships between the various populations should prove useful in 
these situations. 
Second, a community perspective will force fisheries managers to 
acknowledge the futility of attempting to provide anglers with one specific type 
of fishery despite the limitations of the resource to provide that fishery. For 
example, a lake capable of supporting a diverse warmwater fish community may 
not be the correct choice for attempting to build a walleye fishery while still 
maintaining the previous fishery. 
Third, managing on a community basis will force biologists to make more 
ecologically reasonable goals by incorporating the entire community rather than 
one target species which may or may not be suited for that environment. 
Finally, investigation into the level of the community, the level of the 
whole as suggested by Forbes (1925), will lead to better understanding of the 
important factors shaping the aquatic communities and, hence, improved 
prioritization of research time and dollars. 
Overall Approach of this Dissertation 
Two major goals have been established to help in the understanding of the 
community. The first is to investigate the role of environmental variables in 
influencing community structure. Questions of interest are: what are the 
primary environmental factors that affect the species and community that 
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inhabit a lake? How do these relate to the species' life histories? The second 
major goal is to determine if community structure is predictable. For example, 
given a particular environment, what community would be expected? In other 
words, do similar communities develop in similar sites? 
A basic process for investigating lake fish community structure was 
proposed by Carline (1986) (Figure 1). With some minor alterations the process 
consists of the following steps; (1) develop a database of fish populations in a 
number of lakes, (2) develop a description of community structure, (3) 
investigate the entire spectrum of lakes in the data set as well as subsets based on 
similarity of important characters, (4) search for relationships between the 
community structure and the environmental characterization of the lakes, and 
(5) develop models to predict community structure and the effects of 
perturbation on the structure. 
These basic steps lead to the following list of objectives: 
Objectives 
A. Determine sampling requirements to adequately characterize fish 
communities in Illinois lakes. 
A. 1. Determine species selection differences between sampling gears. 
A. 2. Establish minimal levels of sampling effort necessary to 
adequately represent the community. 
B. Develop a guild classification system for the components of Illinois lake fish 
communities that reflects interspecific relationships in such a way that the 
species in each guild can be considered approximately equivalent in their 
role in the community. 
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Predictive Indices 
Classify Reservoirs According to 
Important Environmental Variables 
Examine Relationships Between 
Community Structure and Environmental 
Variables Within Classes 
Describe Community Structure 
la. Numeric Units 
b. Biomass Units 
2a. Taxonomic Groupings 
b. Trophic Groupings 
c. Habitat Use 
d. Reproductive Modes 
Figure 1. General procedure for implementation of fish community ecology 
research program with the goal of developing predictive indices 
of fish community structure (from Carline 1986). 
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B. 1. Select life history characters that are relevant to fish presence and 
abundance in Illinois water bodies. 
B. 2. Group species based on life history characters and compare this 
classification with others previously developed. 
B. 3. Investigate guild dynamics, i.e., species per guild, consistency in 
guild membership, etc. 
C. Classify Illinois lakes, impoundments and reservoirs into categories that will 
group similar water bodies together thereby increasing within-lake-group 
community structure predictive capabilities. 
C. 1. Determine limnological factors that are most likely to have an 
effect on composition and abundance of fish species in lakes. 
C. 2. Assess characters for redundancy and similarity. 
C. 3. Group together lakes that show similar characteristics. 
D. Determine which, if any, environmental factors have the greatest 
influence on community structure and develop predictive capabilities to 
determine the response of community structure to typical management 
strategies. 
D. 1. Test for relationships between species or guild composition and lake 
types or environmental factors. 
D. 2. Assess fish guild composition of lakes for patterns reflecting 
relationships between guilds. 
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Explanation of Dissertation Format 
This dissertation is written in accordance with the alternate format 
guidelines of Iowa State University, thus the figures and tables in each section 
are numbered independent of other sectionss. Given below is a brief 
introduction to each section. 
The database used in this study was the Illinois Fisheries Analysis System 
(FAS) described by Bayley and Austen (1989). FAS consists of fish population 
management surveys done by Illinois Department of Conservation district 
fisheries biologists. The sampling is accomplished using a variety of gears, but 
in a standardized fashion such that the same gears are used in the same 
locations with equal effort each year. However, between lakes there is some 
variation in sampling effort and gear types used. Therefore, before using the 
database, criteria were developed to ensure that the sampling on each lake was 
sufficient to adequately describe the community. Section I describes the fish 
population sampling and the development of these criteria in detail. 
Because the state of Illinois covers nearly 400 miles north to south, has over 
200 species of fish, a diverse geological history, lakes of glacial origin, 
impoundments, and river backwaters, there exists great variation in the fish 
communities found in any given area. The mix of species which comprise the 
communities and the often non-overlapping ranges of some of these species 
necessitates the development of a common currency upon which to compare 
communities. The guild concept (Root 1967) allows for placement of species 
into groups based on common exploitation of a resource. Thus, ecologically 
similar species which may never be found in the same locality (e.g., for 
biogeographical reasons) could be considered part of the same guild. By 
developing and utilizing a guild system for Illinois fishes, I am able to compare 
communities independent of their species compositions. The development of a 
guild system and the characteristics of the guilds in Illinois lakes is the subject of 
Section II. 
The lakes of Illinois range across a broad limnological spectrum, and it can 
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be expected that both lake origin, factors related to the long north-south axis of 
Illinois, and others will affect lake characteristics and, therefore, the fish 
communities inhabiting these lakes. Further, it is expected that certain lakes, 
being of similar origin or location, may be very similar and possibly could be 
treated as replicates in an analysis. Such a situation would provide increased 
power in analyzing the causes of community structure in these lakes and to 
increase the predictive ability within each group. Finally, many variables 
describing the limnology of lakes are correlated, i.e. they describe basically the 
same characteristic of the lake. These variables should be noted and handled in 
such a way as to decrease the variance that these multicolinear variables might 
add to an analysis. Discussion of the limnology and classification of Illinois 
lakes is found in Section III. 
Finally, Section IV evaluates the relationships between the fish 
communities and the habitats in which they are found. Recent developments 
in multivariate analysis of ecological data and, more importantly, the software 
and computers to facilitate this analysis allow sophisticated relationships to be 
discerned and simple relationships to be teased out of a maze of confounding 
variables. 
The General Summary concludes the dissertation and proposes avenues for 
future research with the Illinois database in particular and with fish community 
ecology in general. All references cited in the General Introduction and General 
Summary are listed following the General Summary. 
11 
SECTION I 
SAMPLING CRITERIA FOR FISH ASSEMBLAGE ANALYSIS 
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INTRODUCTION 
The quality of data utilized for studies of fish communities has varied 
greatly both with investigator and the system being studied. Stream 
communities have often been sampled exclusively with minnow seines 
(Grossman et al. 1982; Berkman and Rabeni 1987; Meffe and Berra 1988), with a 
gear selected for a particular habitat type (Schlosser 1982a,1982b; Lyons et al. 1988) 
or with a wide variety of gears (Winemiller 1990). Lake and reservoir 
investigators have relied upon cove rotenone data (Orth 1980; Ploskey and 
Jenkins 1982; Dolman 1990), gill nets (Marshall and Ryan 1987) or combinations 
of various gears (Harvey 1978,1981; Tonn and Magnuson 1982; Rahel 1984; 
Robinson and Tonn 1989; Keller and Crisman 1990). However, rarely have the 
researchers examined their sampling methodology to assess how well they have 
actually measured the community of interest. It is well known, for example, 
that cove rotenone samples rarely collect a representative sample of the entire 
fish community (Davies and Shelton 1983). Other gears, such as the minnow 
seine, can be very selective in both the species and size of fishes collected (Bayley 
and Dowling 1990). Therefore, for valid interpretations to be made of the data it 
is incumbent upon the investigator to ensure that the choice of gears adequately 
samples the fish community or that the selectivity is known or can be estimated. 
Data for an analysis of fish communities in Illinois lakes was taken from 
the Illinois Fisheries Analysis System (FAS) database (Bayley and Austen 1989). 
Illinois Department of Conservation (IDOC) biologists plus numerous 
technicians and assistants sample over 200 lakes annually or on a regular basis 
every 2-3 years and input these data into FAS. Although sampling gear and 
techniques have been standardized as much as possible (Bayley and Austen 
1987) there still exists a great deal of variation in several areas of the sampling 
regimes. These include: (1) the sites generally not being randomly selected and 
may not sample habitat in proportion to that available (as in a stratified design 
with probabilistic sampling) although there is consistent use of sampling sites 
within a lake over years, (2) number and length (distance and time) of samples 
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vary from lake to lake but are generally kept consistent within lakes over years, 
and (3) the combination of gears used differs from lake to lake. In addition there 
exists variation in the community structure due to numerous other factors 
unrelated to sampling design such as: (1) fish population size, (2) fish behavior 
varying from one sampling time and place to another, (3) gear efficiency, and 
(4) fish distribution (Henderson 1980). 
Given these potential sources of variation it is important to determine 
minimum sampling requirements in terms of number of samples and types of 
gears used in order for the lake to be incorporated into the data set for fish 
community analysis. Lakes with insufficient sampling would add unnecessary 
noise to the analysis by producing possibly biased estimates of the fish 
community structure; consequently, they should be dropped from the analysis. 
Minimum sampling criteria would act as a sieve to separate lakes sufficiently 
sampled from those inadequately sampled and must be set so as to ensure that 
(1) all common species are captured (e.g., the choice of gears and amount of 
sampling effort required), (2) the relative abundance of species in the combined 
samples reflects that in the lake, (3) sufficient numbers of samples are taken to 
reflect differences in population abundance between lakes and, (4) sufficient 
samples are taken to separate within-lake variation from variation among lakes 
as would be required in analysis of variance or covariance used to test for factors 
acting on a whole-lake level. After a brief discussion of the statistical 
characteristics of the data, each of these criteria will be discussed in turn. 
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FREQUENCY DISTRIBUTION OF DATA 
For most of the analysis that follows I used a subset of the FAS database 
comprised of 13 lakes which had a minimum of four electrofishing samples per 
lake (a sample being a distinct electrofishing run) and four years of consecutive 
data. The sampling unit of interest is the number of fish caught per unit of 
effort (time). To assess the frequency distribution for normality I used catch data 
from two lakes with large numbers of samples per survey, Braidwood (18 0.5-
hour samples per year for four years), and Clinton (17-19 1-hour samples per 
year for three years). For each lake and year combination, five or six species 
(bluegill, carp, green sunfish, gizzard shad, largemouth bass, and white crappie 
in Clinton and all but white crappie in Braidwood; see Table 1 for scientific 
names) were selected because they represent spedes found in most of the 
different habitats sampled (inshore, demersal, pelagic) and are thus thought to 
be representative of the catch distributions of the other species in the 
community. Catch per unit effort was assessed as untransformed, square root 
transformed, and natural log of (catch + 1) (Figure 1). Lilliefors test (as 
implemented in Wilkinson, 1989) at the 0.05 level of significance was used as 
the criterion for rejection of a normal distribution. 
Results of the tests were inconsistent as to which, if any, transformation 
was best for all species (Table 2). Untransformed catch data for carp were not 
significantly different from normal at P<0.05 for both lakes for five of the seven 
lake-years. With a few exceptions, for all other species and years the 
untransformed distributions were found to differ significantly from the normal. 
For most species both square root and loge tranformations performed well, 
producing an equal number of normally distributed data sets. As could be 
expected, when carp data sets were similarly transformed their distributions 
became non-normal. Because loge transformation is more common in 
community ecology studies, and utilizing a standard transformation for all 
species makes results more interpretable, all catch data were subsequently 
transformed as loge(catch + 1). 
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Table 1. Three letter species code (FAS code), common name and scientific 
names for the 42 major species discussed in this dissertation. 
FAS code Common name Scientific name 
BGB Bigmouth buffalo Ictidbus cyprinellus 
BLB Black bullhead Ameiurus melas 
BLC Black crappie Pomoxis nigromaculatus 
BLG Bluegill Lepomis macrochirus 
BLS Bluntnose minnow Pimephales notatus 
BOW Bowfin Amia calva 
BRB Brown bullhead Ameiurus nebulosus 
BRS Brook silverside Labidesthes sicculus 
CAP Carp Cyprinus carpio 
CCF Charmel catfish Ictalurus punctatus 
EMS Emerald shiner Notropis atherinoides 
PCF Flathead catfish Pylodictis olivaris 
FHM Fathead minnow Pimephales promelas 
FRD Freshwater drum Aplodinotus grunniens 
GOF Goldfish Carassius auratus 
GOR Golden redhorse Moxostoma erythrurum 
GOS Golden shiner Notemigonus crysoleucas 
GRP Grass pickerel Esox americanus 
GSF Green sunfish Lepomis cyanellus 
GZS Gizzard shad Dorosoma cepedianum 
LMB Largemouth bass Micropterus salmoides 
LOS Longear sunfish Lepomis megalotis 
MUE Muskellunge Esox masquinongy 
NOP Northern pike Esox lucius 
Table 1. (continued) 
16 
FAS code Common name Scientific name 
ORS Orangespotted sunfish Lepomis humilis 
PUD Pumpkinseed Lepomis gibbosus 
RSF Redear sunfish Lepomis microlophus 
RVC River carpsucker Carpiodes carpio 
SAB Smallmouth buffalo Ictioibus bubalus 
SHR Shorthead redhorse Moxostoma macrolepidotum 
SMB Smallmouth bass Micropterus dolomieui 
STB Striped bass Morone saxatilis 
THS Threadfin shad Dorosoma petenense 
ULL Quillback Carpiodes cyprims 
WAE Walleye Stizostedion vitreum 
WAM Warmouth Lepomis gulosus 
WHB White bass Morone chrysops 
WHC White crappie Pomoxis annularis 
WHS White sucker Catostomus commersoni 
YEB Yellow bullhead Ameiurus natalis 
YEP Yellow perch Perca flavescens 
YLB Yellow bass Morone mississippiensis 
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Figure 1. Effect of transformations on the distribution of largemouth 
bass catch per hour of AC boat electrofishing from Braidwood 
Lake, Illinois, 1988. P-value given for each graph is the 
probability for Lilliefor's test with the null hypothesis that the 
distribution is normal. 
Table 2. Results of Lilliefor's test for normal distribution of electrofishing catch per unit effort data from 
Clinton Lake and Braidwood Lake, IL, using imtransformed data, square-root tranformation (sqrt) 
and loge transformation. Value given is the probability for Lilliefor's test with the null hypothesis 
that the distribution is normal. Underlined probabilities are those significant at the Bonferoni 
probability level of 0.0167 for Clinton and 0.0125 for Braidwood. Species codes are given in Table 1. 
Clinton Lake 
1985 (n = 17) 1987(n = 17) 1988 fa = 19) 
Species none sqrt loge none sqrt loge none sqrt loge 
BLG 0.021 0.219 0.293 0.507 0.379 0.032 <.001 0.001 0.093 
CAP 0.105 0.076 0.069 0.162 0.089 0,001 0.217 0.626 0.214 
GSF 0.002 0.248 0.110 0.037 1.000 0.278 0.001 0.001 <.001 
GZS 0.539 0.659 0.513 0.023 0.342 1.000 0.007 0.279 1.000 
LMB 0.739 1.000 1.000 0.134 0.671 0.805 0.276 0.598 0.204 
WHC <.001 0.032 0.946 0.056 0.484 0.614 0.002 0.134 1.000 
Braidwood Lake 
1985 (n = 18) 1986 fa = 18) 1987 fa = 18) 1988 fa = 18) 
Spedes none s<p-t loge none sqrt loge none sqrt loge none sqrt loge 
BLG <.001 0.092 0.284 0.027 0.002 0.004 <.001 <.001 <.001 0.001 <.001 <.001 
CAP 0.260 0.844 0.356 0.134 0.370 0.009 0.044 0.961 0.667 0.005 0.033 0.250 
GZS 0.424 0.448 0.127 <.001 0.034 0.020 <.001 <.001 <•001 0.001 0.024 0.012 
LMB 0.005 0.018 0.083 <.001 <.001 0.086 0.001 0.312 0.376 0.029 0.691 0.614 
YEP 0.059 0.057 0.019 0.003 0.121 0.032 0.060 0.403 0.911 0.005 0.254 0.422 
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GEAR SELECTIVITY 
It is well known that all fish-collecting gears are species- and size-selective 
to some extent (Backiel 1980). The primary sampling gear used by IDOC 
biologists is a boat-mounted AC electrofishing unit which is selective for 
inshore species such as centrarchids, cyprinids, and perdds and less effective for 
pelagic or benthic species such as clupeids and ictalurids (Reynolds 1983). Gill 
net fleets (38.1 m and 76.2 m long with stretched mesh sizes of 3.8,5,7.6,10.2, 
12.7 cm), trap nets (1.3 cm mesh with a single lead), shore seining, and, 
occasionally, rotenone are also used by IDOC personnel. As with electrofishing, 
however, each of these gears is also selective to some extent. Therefore, in order 
to obtain a reliable estimate of species presence in a lake a combination of gears 
is needed. Because gill net fleets and trap nets are by far the most frequently 
used gears after electrofishing, I looked at the species selectivity of these gears 
relative to each other in order to determine the gear combination and sampling 
effort necessary to obtain a good estimate of species present in a lake. 
Specifically, the goal was to determine, for a lake of given characteristics, how 
many samples with each gear are needed in order to determine species presence 
at an acceptable probability level. 
The data set utilized for this analysis consisted of lakes in the FAS database 
with electrofishing, gill net or trap net samples where two or more gill or trap 
net samples were taken per lake-year combination. 
Sampling for species presence 
Species detection is the ability of a gear to collect a species from a given 
water body where it is known to exist (Reynolds 1983). Given that we often do 
not know all the species present in a particular lake we must, instead, estimate 
relative species detection which is defined as the ability of a gear to collect a 
given species from a lake in which that species is known to be present as 
ascertained by a combination of all gears of interest. For example, if 10 lakes 
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sampled with gill nets and electrofishing are known to contain largemouth bass, 
but gill nets captured largemouth bass in only 4 of the lakes, the relative species 
detection of gill nets for largemouth bass is 0.40. This information is useful for 
deriving the optimal combination of gears needed to collect the best estimate of 
species present in a particular lake. From this, it is possible to select the lakes 
from which sufficient samples were taken for adequate representation of the 
fish species present. Further, if some of the gears are redundant in terms of 
species selection, the criteria would not require sampling with all of the gears, 
thus making for greater latitude in selection of lakes. 
Relative species detection was calculated for the three main gears (AC boat 
electrofishing, 38.1 m experimental gill nets and trap nets) for 42 of the most 
common species. Lakes included in the analysis were those that were sampled 
by electrofishing and a minimum of either two trap nets or two gill net sets 
(Table 3). Electrofishing scored the highest relative species detection for 30 of the 
42 species, gill nets were highest for 11 species and trap nets were highest for 
three species (two ties with electrofishing were scored equally). Trap nets were 
last or tied for last for 32 of the species. Where trap nets were good, one of the 
other gears was nearly as good, thus, trap nets added little to the overall sample 
in terms of species detected. 
It should be noted that there were some inconsistencies in the database used 
for this analysis. First, the number of samples of each gear varied from lake to 
lake, with some having the minimum of one electrofishing run and two gill or 
trap net samples, whereas larger reservoirs often had up to 18 electrofishing 
samples and six gill or trap net samples. It can be expected that, if two lakes with 
similar species compositions are sampled with different effort, different total 
numbers of species would be found. This is somewhat compensated for by the 
general positive relationship between acreage and number of samples (discussed 
below). Thus larger lakes with generally more diverse communities were 
sampled more intensively. Second, an analysis of this type assumes equivalence 
of the different gears in terms of effort but there is no reason to believe that one 
electrofishing run (30-60 minutes) is equivalent to one gill net or trap net set. 
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Table 3. Relative species detection for lakes in the Illinois FAS database that 
have at least one electrofishing sample and two or more gill net or trap 
net samples. Listed for each gear is the number of lakes (N) in which 
the species was found and the proportion of those lakes in which it was 
captured. The number of lakes in the sample varies for each species 
and gear but can be calculated by dividing N by the relative species 
detection percentage as a decimal. For example, BGB was found in 10 
lakes with a detection of 0.909. The number of lakes sampled was 
10/0.909 = 11. Three letter species codes are explained in Table 1. 
Electrofishing Gill netting Trap netting 
Species N detection N detection N detection 
BGB 10 0.900 9 0.333 2 1.100 
BLB 54 0.556 52 0.692 30 0.500 
BLC 82 0.890 75 0.707 50 0.720 
BLG 116 1.000 103 0.621 62 0.919 
BLS 91 1.000 9 0.000 1 0.000 
BOW 88 0.875 8 0.500 6 0.000 
BRB 22 0.591 22 0.636 13 0.154 
BRS 21 1.000 20 0.000 6 0.000 
CAP 64 0.984 61 0.820 21 0.429 
CCF 108 0.880 97 0.990 58 0.241 
EMS 7 1.000 7 0.000 0 0.000 
FCF 14 0.857 13 0.538 2 0.500 
FHM 4 1.000 4 0.000 1 0.000 
FRD 24 0.917 23 0.956 4 0.250 
GOF 7 0.714 7 0.286 0 0.000 
GOR 1 1.000 1 0.000 0 0.000 
GOS 63 0.746 60 0.667 30 0.167 
GRP 12 1.000 11 0.273 8 0.125 
GSF 105 0.981 94 0.223 56 0.214 
GZS 66 0.954 64 0.938 25 0.480 
LMB 116 1.000 103 0.621 62 0.435 
LOS 23 0.956 21 0.238 15 0.333 
MUE 11 0.818 11 0.454 3 0.000 
NOP 12 0.250 12 0.917 7 0.000 
Table 3. (continued) 
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Electrofishinp Gill netting Trap netting 
Spedes N detection N detection N detectio] 
ORS 10 1.000 9 0.000 3 0.000 
PUD 15 1.000 15 0.277 5 0.400 
RSF 69 0.971 58 0.414 54 0.926 
RVC 9 1.000 8 0.375 2 1.000 
SAB 9 1.000 9 0.667 2 1.000 
SHR 6 0.833 6 0.167 2 0.000 
SMB 9 1.000 9 0.000 0 0.000 
STB 7 0.286 7 0.857 0 0.000 
THS 10 1.000 10 0.300 3 0.000 
ULL 6 0.667 6 0.833 2 0.500 
WAE 30 0.767 29 0.793 9 0.111 
WAM 32 0.906 29 0.414 20 0.450 
WHB 22 0.818 21 0.905 2 0.000 
WHC 65 0.861 60 0.767 33 0.788 
WHS 24 0.458 23 0.870 10 0.100 
YEB 59 0.915 55 0.491 20 0.200 
YEP 11 1.000 11 0.636 3 0.000 
VLB 32 0.781 31 0.871 7 0.429 
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Yet in the smaller lakes where, for example, there was one electrofishing run 
and two gill net or trap net sets, species detection was calculated based on that 
particular combination of gears and sample effort. 
Based on the detection results above, the caveats regarding validity of the 
data set, and the fact that trap nets were used least frequently among the three 
main gears, trap net data were subsequently not incorporated in the data subset 
used for further community analysis. 
Species selection differences between electrofishing and gill nets 
If one looks at the species for which gill nets had the highest species 
detection, it is seen that for all species, except northern pike, white sucker and 
striped bass, electrofishing was often within 10% of gill nets in terms of species 
detection (Table 3). Therefore, it is legitimate to question whether gill net data 
should be included. 
To assess the ability of electrofishing and gill nets to adequately sample fish 
populations one must not only examine the ability to detect presence of a species 
but also the selectivity in terms of relative abundance of species in the sample. 
Does one gear collect relatively more of one species in relation to another gear? 
How can gears be combined to minimize the effect of selection in order to get a 
more representative picture of the community? 
The relative selection of electrofishing and gill nets was assessed using the 
data set as described above but with only electrofishing and gill net data 
included. For each sample the percentage by number of each species caught was 
calculated. This was then averaged over all lakes to produce an overall picture 
of species sampled by the gears (Table 4). The most obvious difference is the 
high percentage of the average catch of gill nets that was contributed by channel 
catfish and the predominance of bluegill and largemouth bass in electrofishing 
samples. Two of the more substrate-oriented species, black bullhead and white 
sucker, appeared among the 15 most abundant species caught in gill nets, but 
were absent from electrofishing samples. 
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Table 4. Average sample composition as indicated by percentage of the sample 
(number of fish caught) comprised by each species for electrofishing 
and gill netting. Data were from 24 lakes with 2-7 years of data per lake 
with only the 15 most abundant species shown. 
Species Electrofishing Species Gill netting 
BLG 33.7% CCF 26.7% 
LMB 26.0 GZS 18.6 
G2S 19.9 LMB 8.5 
GSF 3.5 CAP 5.5 
CAP 3.2 WHC 5.1 
RSF 3.0 GOS 4.5 
WHC 1.8 BLG 4.5 
CCF 1.6 BLC 3.8 
BLC 1.5 BLB 3.7 
THS 0.9 WHB 3.2 
LOS 0.7 YLB 3.1 
WHB 0.5 WAE 3.2 
WAM 0.4 YEB 1.2 
BRS 0.3 WHS 1.0 
YLB 0.3 several at 0.8 
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Because this presentation is based on data averaged over samples from 
numerous lakes, it is possible that singular events such as large catches of one 
species, would be overlooked. This would lead to missed situations where one 
gear is particularly effective in relation to another, such as gill nets with channel 
catfish. To assess this effect, the maximum percentage of a species catch by either 
gear in any sample was calculated (Table 5 ). This again illustrates the 
effectiveness of gill nets for channel catfish, but also points out possible 
differences such as threadfin shad being better sampled by electrofishing, while 
black bullhead, golden shiner, muskellunge, and white sucker were better 
sampled by gill nets. 
In terms of species recorded for a lake, gill nets collected an average of 8.3 
(maximum of 14) species per lake while electrofishing captured an average of 
11.9 (28 maximum) species per lake. Both gill nets and electrofishing captured 
more species as lake size increased (Figure 2; P < 0.01 for all regressions of 
number of species caught by gill nets or electrofishing vs. lake surface area). 
This was expected considering the well-known positive relationship between 
lake surface area and number of species (Barbour and Brown 1974; Eadie and 
Keast 1984). Also, effort, in terms of hours electrofished or gill net sets, 
increased with lake size (Table 6). Therefore, the detection of more species in 
larger lakes could be due to either actual greater species richness or greater 
sampling effort or both. 
Gill netting added an average of 1.7 species to the total species list for the 
lakes after accounting for species captured by electrofishing. However, the 
number of new species added was not related to lake surface area (P = 0.477 for 
1987, P = 0.619 for 1988; lower line in Figure 2). 
Sample size requirements for species representation 
As is often the case with sampling, rarer species are inordinately more 
difficult to capture than common species. Fortunately for most types of 
community structure analysis, rare species are relatively less important due to 
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Table 5 . Maximum percentage of total catch as indicated by percentage of the 
sample (number of fish caught) comprised by each species for 
electrofishing and gill netting. Data were from 24 lakes with 2-7 years 
of data per lake with only the 15 most abundant species shown. 
Species Electrofishing Species Gill netting 
BLG 83.5% CCF 83.3% 
GZS 81.2 GZS 78.6 
LMB 78.9 CAP 68.9 
CAP 54.8 LMB 60.6 
THS 54.7 WHC 58.2 
GSF 40.5 WHB 55.5 
RSF 23.8 BLB 50.0 
WHC 20.1 GOS 43.5 
WHB 18.5 RSF 40.2 
BLC 15.5 YLB 34.4 
MOF 14.9 MUE 33.3 
BGH 13.9 WHS 31.1 
LOS 13.3 BLG 31.0 
BRS 11.9 BLC 31.0 
CCF 11.5 WAM 26.3 
27 
I Q) 
&• 
m 
25 
20 -
15 -
10 -
25 
20 -
15 
10 
5 -
0 
3 4 5 6 7 8 9 
Natural log of surface area in hectares 
Figure 2. Number of species collected by AC boat electrofishing (squares) and 
experimental gill nets (open circles) and the number of additional 
species provided by gill nets after accounting for electrofishing 
(solid circles) from 21 Illinois impoundments in 1987 (top) and 17 
Illinois impoundments in 1988 (bottom). Lines indicate simple linear 
regression for each data set. 
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Table 6. Pearson's correlations between sample effort and lake surface area (ha). 
Effort is in hours for electrofishing and overnight gill net sets (average 
time 15.3 hours) for 38.1 m gill nets. 
Year 
1986 1987 1988 
Number of lakes 16 21 17 
Electrofishing 0.791 0.741 0.656 
(P < 0.001) (P < 0.001) (P = 0.004) 
Gill net sets 0.673 0.437 0.537 
(P = 0.004) (P = 0.047) (P = 0.026) 
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the small biomass or number that they comprise in relation to the entire 
community. Although capturing all species would be an admirable goal we 
generally attempt to sample as much of the community as possible given the 
constraints of time and budget. 
To develop a scheme giving minimal sampling requirements, catch data 
from 18 intensively sampled lakes were analyzed to determine (1) the number 
of species captured in a single sample, (2) the number of new species captured by 
additional samples of the same gear, (3) the cumulative sampling time as 
additional samples were added to the computation, and (4) the total number of 
species in the lake that were captured by that gear. A calculation was then made 
of the percentage of the total species in the lake, on average, that were captured 
at a particular stage in the sampling process. For each lake these values were 
calculated from the samples in the order of numerical sampling sequence (i.e. 
all samples in a lake were numbered and these numbers corresponded roughly 
to the chronological sequence of sampling). A simple exponential model was 
fitted to the electrofishing data using the NONLIN procedure in SYSTAT 
(Wilkinson 1989) which fits the model by minimizing squared deviations (least 
squares method): 
Percent of species captured = 100 x (l-e(-o.245 x cumtime)) 
Where: Percent of species captured = percent of total number of species in 
the lake that were collected up to that time by electrofishing, 
Cumtime = sum of time sampled in hours. 
The model appears to adequately estimate the pattern shown by the data 
(Figure 3). However, because of the known relationship between lake size and 
number of species, it was hypothesized that the addition of an area parameter 
would improve the fit. When the response variable "percent of species 
captured" was predicted from cumulative time and natural log of lake surface 
area (ha) both were found to be significant (n = 438, multiple R = 0.629, P < 0.001) 
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Figure 3. Percent of total spedes that were caught in each of a number 
of successive samples (within years) with AC boat electrofishing 
as related to time sampled. Data is for 17 Illinois lakes over a 1-7 
year period. Line indicates predicted percent captured based on 
the model; 
Percent of species captured = 100x(l-e(-°'^'"™'*^^)). 
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for all sources and the regression line). Therefore, the exponential model was 
re-formulated to provide appropriate boundary conditions and the parameters 
estimated by NONLIN as follows: 
Percent of species captured = 100 X (l-e(H86.639 x cumtime)/hectares)) 
Where: Percent of species captured = percent of total number of 
species in the lake that were collected up to 
that time with AC electrofishing. 
Cumtime = sum of time sampled in hours. 
Hectares = lake surface area in hectares. 
The response surface for this model (Figure 4) clearly shows the impact of 
both lake size and time sampled on the percent of species captured by AC boat 
electrofishing. 
A similar analysis was done with experimental gill net data. However, a plot 
of the percentage of all species captured in each of 21 lakes in relation to the 
number of successive net sets showed a different pattern than that of 
electrofishing (Figure 5, upper). As the number of net sets increased there was 
no corresponding increase in the percentage of species caught (n = 304, P = 0.343, 
r = 0.055). However, when looked at in terms of the number of species as 
enumerated only by gill nets (as opposed to all species in the lake as above) there 
was a significant relationship between number of sets and percent caught 
(n = 304, P < 0.001, r = 0.445) (Figure 5, lower). Both graphs indicate a substantial 
increase in percent caught by the second sample, but very little increase after 
that. Regression analysis of both data sets with the first two samples removed, 
in fact, show non-significance (P = 0.212 for gill net caught species only) or 
marginally significant negative regressions (P = 0.015 for all percentage of all 
species caught by gill nets). Thus it was concluded that two gill net sets 
generally catch the majority of species that would be caught by gill nets, 
regardless of the number subsequent samples. 
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Figure 4. Predicted relationship between sampling intensity with 
AC boat electrofisher and the percent of total 
species captured. Sampling intensity is defined as the 
effort (hours) per hectare (lake surface area). Line above 
is given by the model: 
_ ^ J mr. /f ,((-186.639 xtime)/hectares) Percent captured = 100 x (1-e ( ). 
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Figure 5. Top - percent of the total number of species in a lake (as determined 
by combined gill net and electrofishing catches) that were captured by 
successive sets of 38.1 m gill nets. Bottom - percent of the number of 
species eventually caught by gill nets only, as related to the number 
captured in successive gill net sets. Data from 21 Illinois lakes. 
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Electrofishing sample size requirements for comparing abundance 
Required sample size to test for changes in abundance from year to year or 
between lakes was assessed by using a re-arrangement of the t-test formula 
(Snedecor and Cochran 1980 as modified by Parkinson et al. 1988): 
N = (100)2 X (k) X (sd/%)2 (l/p2) 
where: N = predicted sample size requirement 
k = constant based on significance level (a) and power (1-p) 
(table given in Parkinson et al. 1988) 
sd = standard deviation 
% = mean 
p = percent of mean for which difference is to be detected at p=a. 
Because the electrofishing data were comprised of samples collected successively 
as the boat moved around the lake one might suspect that the samples were not 
independent and therefore violated the assumptions of the t-test. To assess this 
I selected data from two lakes with large numbers of samples, Clinton Lake 
(n = 18) and Heidecke Lake (n = 17-19), and computed first-order autocorrelation 
coefficients of loge transformed catch data; this is basically a Pearson correlation 
coefficient between a series of numbers and that same series shifted by one 
observation. For four species from Heidecke (bluegill, carp, gizzard shad, and 
largemouth bass) for 1984 and 1985, correlation coefficients ranged from -0.101 to 
0.395. Clinton Lake data for 1985 showed correlation coefficients from -0.198 to 
0.115 for six species. None of these correlations were of sufficient magnitude to 
suggest that the data were not independent. 
Mean and variance of loge transformed catch data from 13 lakes over a four 
year period were averaged to produce coefficient of variation (sd/%) values for 
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two groups of data; lakes sampled with 0.5 hour electrofishing runs, and those 
with runs averaging 1.0 hour. Required numbers of samples, N, were calculated 
for values of percent detectable change in catch (p) ranging from 0 - 100% for 
four common species, largemouth bass, bluegill, gizzard shad, and carp (Figure 
6). All calculations were done with very relaxed a and p values of 0.20. As a 
and P are decreased to reduce the risk of failing to disprove a hypothesis, the 
required sample size will increase. For example, if a is lowered from 0.2 to 0.05 
at constant P, the required sample size will approximately double (Parkinson et 
al. 1988). 
The number of samples required to detect relatively small changes in fish 
abundance, such as a 20% increase, varies substantially between species. 
Largemouth bass provides the lowest sample requirements. However, to detect 
a 20% increase in gizzard shad abundance at a = 0.20 and p = 0.20 would require 
approximately 37 hours of sampling, nearly twice as much effort as that 
expended on the most intensively sampled Illinois reservoir. Carp provides an 
even more demanding sampling regime to assess changes in abundance. 
Therefore, it appears fruitless to establish uniform sampling requirements based 
on this analysis. For assessing changes in abundance, other types of analyses, 
such as trends over years, may still be feasible. For community analysis, though, 
the establishment of such stringent sampling requirements would preclude 
sampling on other lakes which may provide more useful information. The 
priority in sampling should be to (1) capture the majority of species, (2) capture 
the species in proportion to their relative abundance in the community, and (3) 
if practical, take sufficient samples to detect differences in species abundance. 
However, this must be balanced with the desire to sample sufficient numbers of 
lakes to adequately reflect the range of variation in the underlying factors that 
influence community structure. 
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Figure 6. Sample size requirements for a one-sided t-test assessing increased 
catch based on electrofishing runs averaging 0.536 hours and 0.989 
hours. Standard deviation obtained from pooled samples taken 
from five lakes over four years for 0.5 hour samples and eight lakes 
over four years for the 1 hour samples. Alpha = 0.10, beta = 0.20. 
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Within-lake vs. between-lake variation 
The goal of many community studies is to relate characteristics of the 
community to that of influencing factors which are often measured at the whole-
lake level (e.g. mean depth, productivity, age, etc.). It is possible that the samples 
of the fish community within a lake exhibit a high degree of variability due to 
sampling variation (as opposed to within-lake population differences) when 
compared to variation between lakes. In such a case, variation within lakes 
would exceed that between lakes, and it would be difficult to ascertain patterns 
in the fish community across a series of lakes. Further, it would be difficult to 
attribute fish community characteristics to whole-lake factors. 
To assess this problem, three primary species, bluegill, largemouth bass, and 
carp were selected because they were caught in most lakes and represent varied 
distribution patterns reflective of other species. A two-way analysis of variance 
(ANOVA) was performed with the sources of variation being partitioned into 
lakes, years and the lake*year interactions (Table 7). 
All three species showed similar patterns; lakes generally accounted for at 
least an order of magnitude more of the variation than years or the interaction 
term thus indicating between-lake differences to be much greater than that 
within the same lake over years. The analysis was further subdivided for LMB 
by adding a term for samples within lakes and for years*samples within lakes 
(Table 8). Again, the pattern of lakes accounting for the greatest proportion of 
the variation persisted. In this case very little of the variation was attributed to 
samples within lakes, thus lending support to the contention that within-lake 
variation is minor compared to variation between lakes. 
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Table 7. Analysis of variance tables showing distribution of variance between 
the sources: lakes, years among lakes, and the lake-by-year interaction. 
ANOVA given for loge transformed data of largemouth bass, carp, and 
bluegill. Data were from 13 lakes with 4 years of samples per lake. 
Species : Largemouth bass 
Degrees of Sum of Mean 
Source freedom squares square F-ratio P-value 
Lakes 12 118.998 9.916 6.745 <.001 
Years 3 7.534 2.511 1.708 0.167 
Lakes*Years 36 62.550 1.738 1.182 0.235 
Error 203 298.443 1.470 
Species : Carp 
Degrees of Sum of Mean 
Source freedom squares square F-ratio P-value 
Lakes 12 1711.986 142.665 81.135 0.000 
Years 3 1.657 0.552 0.314 0.815 
Lakes*Years 36 30.249 0.840 0.478 0.995 
Error 203 356.951 1.758 
Species : Bluegill 
Degrees of Sum of Mean 
Source freedom squares square F-ratio P-value 
Lakes 12 962.099 80.175 22.321 <.001 
Years 3 28.939 9.646 2.686 0.048 
Lakes^Years 36 242.995 6.750 1.879 0.003 
Error 203 729.157 3.592 
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Table 8. Analysis of variance table for largemouth bass showing partitioning of 
variance into lakes, years, the interaction between lakes and years, 
samples within lakes, and interaction of samples within lakes and 
years. The data set consisted of samples from 13 lakes for four years 
each. 
Degrees Type I 
Source of sum of Mean 
freedom squares squares F-ratio P-value 
Lakes 12 116.68 9.72 5.586 <0.005 
Years 3 4.32 1.44 2.483 0.10-0.05 
Samples(Lakes) 54 140.12 2.59 
Years*Lakes 36 62.56 1.74 a 1.64 <0.025 
Years* 149 158.33 1.06 b 
Samples(lakes) 
a error term used for Lakes and Years 
b error term used for Year*Lakes 
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DISCUSSION 
Three levels of complexity have been considered in terms of sampling 
effort versus the value of the derived information. The lowest level of effort is 
required for a listing of major species present; relatively few samples are needed 
to quickly move up the species-effort curves shown in figures 4 and 6. A 
complete listing of all of the species present, or at least a high percentage of 
them, would obviously require more sampling. The amount of additional 
effort is dependent upon the size of lake which, in turn, is closely related to the 
number of species present in the lake. 
The second level of sampling in terms of effort required is achievement of 
sufficient power to test for significant differences in catch per effort among years 
or among lakes within years. Here the required number of samples can be large 
but the number of samples depends upon the species of interest and the level of 
significance chosen. 
Finally, and not explicitly analyzed for in this dissertation, would be 
population size estimates for the species of interest. Estimating population size 
is very effort-intensive and, indeed, is "one of the most elusive goals in fishery 
science" (Bayley 1985). Although there are numerous ways of estimating 
population size, an example of a simple mark-recapture effort on a fictitious 
1000 acre reservoir illustrates this problem. Hayne et al. (1967) gave estimates of 
2112 gizzard shad and 64 largemouth bass per acre in an arm of Douglas 
Reservoir, Tennessee. A 1000 acre reservoir, therefore, would contain 2,112,000 
gizzard shad and 64,000 largemouth bass. To calculate the required number of 
marked fish and the number subsequently examined for marks, I used a table in 
Ricker (1975). For a Peterson mark-recapture (Ricker 1975) estimate of 
population size with a 95% confidence interval of no more than ± 25% of the 
mean, the marking requirements are approximately 1700 largemouth bass and 
7500 gizzard shad, while 2800 largemouth bass and 15,000 gizzard shad would 
need to be checked for marks. Assuming electrofishing as the capture technique 
and an average catch per hour of 163 gizzard shad and 64 largemouth bass 
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(average for Illinois impoundment surveys), the calculated electrofishing effort 
would be 26.6 and 46.0 hours for marking and 43.8 and 92.0 hours for recapture 
of largemouth bass and gizzard shad, respectively. Clearly this is not feasible for 
most management programs. For the purpose of analyzing community 
structure it is most important to capture the majority of species in a lake in the 
proper order of abundance. This is a combination of species detection and 
abundance comparison, as discussed above. In the trade-off between more 
intensive sampling on individual lakes and sampling a wider variety of lakes, it 
would seem prudent to limit the sampling on individual lakes to that of 
obtaining representative species lists and relative abundance. The additional 
effort required to estimate populations or even test for differences in abundance 
would be better spent collecting data on more lakes. 
In previous studies of lake fish communities, sampling has been handled 
in numerous ways. Marshall and Ryan (1987) used from 4 to 145 gill net sets per 
lake, with the number of sets apparently depending upon lake size. They 
assumed "that catch composition for each lake represent indices of the number 
and relative abundance of species present and are comparable between lakes." 
However, there was no indication that this assumption was checked. Robinson 
and Tonn (1989), working on 45 lakes in Alberta, sampled each with a 
combination of minnow traps, fyke, gill and trammel nets, and beach seining. 
To assess the performance of their sampling regime they repeated samples on 
six lakes and concluded that their sampling was consistent and efficient at 
capturing susceptible species and that results adequately represented the 
composition of the assemblages. Tonn and Magnuson (1982) and Rahel (1984) 
used similar combinations of baited minnow traps, fyke nets, and trammel nets 
to sample northern Wisconsin lakes. Tonn and Magnuson (1982) assessed the 
integrity of their sampling by resampling two lakes and calculating 
Czekanowski's coefficient of similarity for species presence/absence data. 
Because this index showed a great degree of similarity between the fish 
community composition estimated by their normal sampling and that obtained 
by doubling or tripling effort, they concluded that their normal level of effort 
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was sufficient to obtain almost all susceptible species. Other workers have relied 
upon cove rotenone data. For example, Ploskey and Jenkins (1982) used cove 
rotenone data which had been corrected for non-recovery by using marked fish. 
This resulted in a high quality data set for the coves. However, there remains 
the question of the ability of cove samples to adequately represent the fish 
community of the entire lake (Davies and Shelton 1983). Dolman (1990) and 
Orth (1980) used cove rotenone data that were not corrected for non-recovery, 
thus leaving open the possibility that variable sampling conditions could result 
in data more representative of that particular sample than of the fish 
community. 
Stream investigators have also used data sets of varied integrity. Grossman 
et al. (1982), Berkman and Rabeni (1987), and Meffe and Berra (1988) relied solely 
on mirmow seines to sample fish communities. Berkman and Rabeni (1987), 
however, resampled all sites with backpack electrofisher at a later date. 
Apparently the other investigators placed great faith in the minnow seine 
results and, given the obvious bias in minnow seining (Bayley and Dowling 
1990) it is likely that their sampling obtained a biased and incomplete picture of 
the community. The important point here, and what the authors generally 
attempted to keep consistent, was that the same gears were to be used in a 
similar manner and intensity on each water body over time. Consistency in 
sampling is more important than efficiency of the gear in elucidating the entire 
community. 
In this study the ability of gears to detect species and the estimation of the 
number of samples necessary to adequately represent the community were 
assessed. Although the types of gears were limited to electrofishing, trap nets 
and gill nets, it was found that samples with two of these gears (electrofishing 
and gill nets), provided a high level of species detection for the vast majority of 
the 42 most common species in Illinois lakes. This may be partially due to the 
ability of electrofishing to sample a wide variety of habitats in a spatial sense; 
one hour of electrofishing typically covers 1.5 km of shoreline. However, this is 
oriented towards littoral zone species. Gill nets tend to be more selective for 
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pelagic and/or demersal species so, intuitively and in actuality, the two gears 
make a good combination. It is acknowledged that neither gear may adequately 
sample some of the smaller inshore cyprinid species due, in part, to the size of 
the dip nets used in sampling and the vigilance of the biologist in collecting all 
species. However, the sampling is consistent in terms of gears used and 
locations sampled and the gears collect a representative sample of the 
community thus making a large part of the FAS data set useful for comparison 
of fish communities. 
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SECTION II 
UTILITY OF THE GUILD CONCEPT IN FISHERIES RESEARCH 
AND MANAGEMENT 
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INTRODUCTION 
Community analysis can be accomplished at three basic levels: whole 
communities, where the concern may be species-number relationships or food 
webs; the interspecific level, where one of the main concerns is elucidation of 
factors controlling the presence or absence of species; and the level of guilds, 
where groups of functionally related species are the basic units of analysis 
(Terbough and Robinson 1988). Defined in the ecological sense by Root (1967) as 
"a group of species that exploit the same class of environmental resources in a 
similar way," the guild concept has been applied to numerous communities (see 
Terbough and Robinson 1988 for a general review). One of the strengths of the 
guild approach is the ability to simplify the system by describing the fauna in 
terms other than that of individual species (Root 1967). This is necessary due to 
one or more of the following factors: (1) large numbers of species which make 
data analysis and interpretation difficult, (2) the desire to compare data sets 
describing communities composed of different species (due to biogeographical 
reasons), (3) the need to simplify data collection due to limitations of funding or 
manpower, or (4) the desire to elucidate an inherent structure in the 
community that is of interest. Indeed, the need for the development of "macro 
descriptors" of communities may be imperative in order for researchers to 
progress in problems concerning community ecology (Orians 1980). For 
fisheries managers and researchers, simplification of the analysis is also an 
important goal. Individual species populations present difficult targets for 
estimating population parameters (see Section I). Thus, it is possible that 
managers may benefit from assessing fisheries in terms of guilds rather than 
individual species. Necessary information about the functioning of the 
community is still obtained, but at a higher level of organization. 
Root's seminal 1967 paper likened the role of the guild to that of the genus in 
phylogenetics; however, that is where the analogy ends. Root's definition 
allowed for an organism to be a member of a guild regardless of taxonomic 
status. An organism could be a member, simultaneously, of several different 
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guilds depending on how the guilds were defined. Further, the decision on 
membership in a guild was based on investigator-defined resources and a 
subjective decision of the degree to which a resource must be exploited in order 
to attain guild membership. Therefore, when evaluating the application of the 
guild concept in an ecological study an investigator must ask several questions: 
(1) What are the important resources upon which the guild system is based? (2) 
How does one determine what level of resource exploitation is needed for 
inclusion of a species in a guild? and (3) What are the dynamics of membership 
in a guild? (e.g., are there different guild definitions that are important at 
different times such as spawning during one period and food during another?). 
Each of these questions will be discussed in turn in the next sections. 
Subsequently, I will describe the development and application of a guild system 
to the study of fish communities in Illinois lakes and make comparisons with 
previous formulations of guilds. This discussion will include analysis of guild 
membership and guild dynamics utilizing a database comprised of fish 
population surveys over several years from a wide spectrum of Illinois lakes. 
Resource Selection 
The overall approach to the guild concept can be loosely divided into two 
groups - functional and structural (Szaro 1986). Functional guilds are those 
defined in the traditional sense of Root (1967) where emphasis is placed on 
functional relationships between species, i.e. their "role" in the community. All 
organisms that feed on detritus, for example, have the same "trophic role" and 
frequently would be placed in the same guild. Structural guilds, on the other 
hand, depend on utilization of a resource independent of the activity. For 
example, if one animal uses a resource to build a nest, whereas another uses it as 
a feeding area, the two would be in the same structural guild. By far the 
majority of guild definitions reviewed for this paper were of the functional type. 
However, organisms rarely restrict themselves to one particular resource (e.g., 
food type, habitat, etc.). Further, there is no consensus as to the level of resource 
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exploitation required of an animal for it to be considered part of a guild based on 
that resource. 
The application of the guild concept has been most highly developed in the 
ornithological literature where the resource of interest was either habitat 
utilization (James 1971), foraging behavior (Root 1967; Willson 1974; Holmes et 
al. 1979; Landres and MacMahon 1980; Sabo and Holmes 1983) or food habits 
(Willson 1974; Karr 1980). Other investigators have, for example, looked at food 
resources of Drosophila (Shorrocks and Rosewell 1987) or a combination of 
DrosophUa food and habitat resources (Toda 1984), habitat utilization of reptiles 
and amphibians (Inger and Colwell 1977), or diet and time and place of foraging 
of predatory vertebrates 0aksic et al. 1981). In general there has been a lack of 
consistency in the selection of a resource upon which guilds were defined, 
which frequently resulted in different investigators grouping the same species 
in similar habitats into different guilds (Szaro 1986). To further complicate the 
issue a species can be a member of more than one guild, and membership can 
vary throughout time and space. For example, the same animal can 
simultaneously be in a guild defined on trophic characteristics as well as a 
distinct guild based on nesting habitat. Also, juveniles of a species may be in 
different guilds than those of adults. 
Trophic guilds of aquatic insects have played a prominant role in the river 
continuum concept (RCC) (Vannote et al. 1980). In the RCC the aquatic insect 
trophic groups reflect the stream size and the energy sources prevalent in each 
particular stream section. Small, headwater streams with primarily 
allocthonous energy sources (leaves, etc.) and P/R ratios less than 1 are 
dominated by shredders and collectors which can utilize the coarse particulate 
organic matter. Larger streams with P/R greater than 1 are dominated by 
collectors and grazers. Large rivers (approximate stream order 7-12) receive 
much of their organic matter as fine particulates from upstream, hence they 
have P/R ratio less than 1 and are characterized primarily by the collector guild 
of insects which utilize the small particles. An example of the classification of 
aquatic insects into trophic groups is given by Merritt and Cummins (1984). 
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Investigators interested in fish ecology have used guilds in various ways 
(Table 1). Each of these major groups of guild definitions has been in response 
to an investigator's perceived notion of the resource most important in 
structuring the community. For example, Balon (1975) developed a guild 
system based on the hypothesis of Kryzhanovskii (1949) that dissolved oxygen 
and prédation during the early developmental stages are the essential ecological 
factors in determining the composition of the fish community. Thus, species 
who afforded their young protection and spawned in habitats with similar 
oxygen regimes were grouped in similar guilds. Muncy et al. (1979) formulated 
guilds based on a variety of reproductive characteristics (courtship behavior, 
habitat, timing, etc.) and used this to predict potential susceptibility of the 
spawning process to siltation. Other authors have chosen habitat, morphology, 
or trophic status (Table 1) as the basis for guilds. As Landres (1983) states, the 
primary usefulness of guilds is in examining relationships between organisms 
and the resources that they exploit. If the resource is relatively unimportant in 
structuring the community, then any assessment based on that guild system will 
likely have little applicability to actual community dynamics. 
Level of Resource Utilization and Guild Delineation 
The main tenet of Root's (1967) definition was that species can be grouped 
based on some degree of overlap in their niche requirements regardless of 
taxonomic relationships. He equated similarity in foraging behavior among 
birds to niche overlap and proposed that niche segregation between species 
within a guild was maintained by differences in exploitation efficiency of 
common resources. Root (1967) simply stated that a significant overlap in niche 
requirement is needed for species to be in similar guilds. For example, in his 
foliage-gleaning guild the birds incorporate, as a majority of their food intake, 
the arthropods that come from the foliage zone of oaks. In a similarly subjective 
fashion, Ploskey and Jenkins (1982) grouped reservoir fishes into six categories 
based on principal food items, Schlosser (1982a) developed six groups of stream 
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Table 1 . Examples from the literature of guild usage in fisheries research. 
Guild type System Author 
Trophic Everglades marsh 
Tropical streams 
Missouri streams 
Indiana streams 
Canadian lake 
Reservoirs 
Illinois stream 
Kushlan (1976) 
Angermeier and Karr (1983) 
Berkman and Rabeni (1987) 
Grossman et al. (1982) 
Keast (1985) 
Ploskey and Jenkins (1982) 
Schlosser (1982a; 1982b) 
Habitat Virginia river 
W. Virginia river 
Illinois stream 
Northeast streams 
Leonard and Orth (1988) 
Lobb (1986), Lobb and Orth (1991) 
Schlosser (1982a) 
Bain et al. (1988) 
Reproductive General 
General 
Ontario lake 
General 
Missouri streams 
Oklahoma reservoir 
Balon (1975) 
Balon et al. (1977) 
Balon and Chadwick (1979) 
Muncy et al. (1979) 
Berkman and Rabeni 91987) 
Orth (1980) 
Morphological Eastern stream Gatz (1979) 
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fishes based on similarity in diet as discerned from his own analysis and 
information in the literature, and Grossman (1982) used proportion of stomach 
contents of 70% or more of a particular item as the rule for inclusion of a species 
into a guild. In each of these examples, there was no apparent ecological reason 
for their specific choice in the level of resource utilization. 
Because a guild is based on some degree of utilization of a common 
resource it seems reasonable that, by examining the nature of the niche and the 
resource axes that comprise it, we could develop a better understanding of the 
guild. Taking this approach, Inger and Colwell (1977), and later Pianka (1980) 
and Jaksic et al. (1981) used degree of niche overlap to develop an expectation of 
the presence and size of guilds in a community. Inger and Colwell (1977) 
proceeded as follows. First, they calculated niche overlap among all pairs of 
species in a community to produce an n x n (where n is the number of species) 
symmetrical matrix of overlap values with a main diagonal of I's. If plots were 
made for each species showing their niche overlap (y-axis) with successively 
distant neighbors (x-axis) the result would be n negatively sloping lines. Lines 
(species) similar in pattern would thus represent similar species in terms of 
resource utilization and would be grouped in the same guild (Pianka 1980). 
Next, the elements of each row were rearranged in rank order so that niche 
overlap between all first nearest neighbors would be in the first column (ignore 
the I's), overlap between second nearest neighbors in the second colunm, etc. 
Finally, the mean and standard deviation of each column were calculated 
giving, (1) mean niche overlap between each species and their successively more 
distant neighbors and (2) standard deviation of niche overlap between each 
species and their successively more distant neighbors. A plot of mean overlap 
against nearest-neighbor generally produced a negative sloping line indicating 
degree of packing of the community. A plot of standard deviation against 
nearest-neighbor in terms of niche space often produced a unimodal curve with 
low standard deviation among close neighbors, a rise to a peak at the third to 
fifth nearest neighbor and then a gradual decline from that point. This was 
interpreted by Inger and Colwell (1977) as indicative of limited similarity among 
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dose neighbors with the peaks suggesting the presence of guild structure in the 
community. Pianka (1980) interpreted this as an indication that guilds were 
areas of "intense interspecific competition with strong interactions within 
guilds, but weak interactions between members of different guilds." He went on 
to hypothesize that a community without guild structure would have greater 
diffuse competition than one with guild structure (Pianka 1980). 
There appears, therefore, to be a rational level of niche overlap upon which 
to base guilds, however, several difficulties exist with this system. First, the 
development of a resource utilization matrix is exceedingly time consuming to 
create, if not impossible (Pianka 1980); i.e., as the community increases in size, 
the size of the matrix also increases but at an exponential rate. Second, there 
still exists a subjective decision as to how close the overlap-neighbor rank lines 
must be in order for species to be grouped together in the same guild. Finally, 
the development of a resource matrix tells us nothing about the degree of 
competition between species. Two species may have complete niche overlap, 
but if the resource is not limiting there will be no resource competition 
(MacNally 1983). 
Holmes et al. (1979), stating that "no precedents exist for quantitative 
separation of guilds," utilized multivariate statistical methods for developing 
guild definitions. The authors began this process by calculating correlations 
between 27 variables describing foraging behavior of birds. This correlation 
matrix was: (1) summarized by principal components analysis, (2) the eigen 
vectors with values >1.0 were multiplied by the original standardized data 
matrix and, (3) euclidean distance between each species pair was calculated and 
used in hierarchical cluster analysis. The guilds were then defined as groups of 
species which differ from others by more than the mean euclidean distance 
between all species. However, as with the other procedures, the basic data 
consisted of a resource utilization matrix which, as stated above, may or may not 
be relevant to competition and the structuring of the community. 
The choice of resources and the level of resource utilization is difficult, but 
certainly has not prevented the successful application of the guild concept in 
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numerous studies. Indeed, there may be no "correct" choice because the guild is, 
according to Landres (1983), an artificial structure determined for a community 
with the intent of addressing specific questions which may or may not, for 
example, include competition. The level of similarity between species, thus, 
does not need to be specifically stated a priori as there is no way of determining, 
for most communities, the ecological relevance of the chosen level. In this 
study emphasis is placed on defining guilds that appear to be useful in a practical 
sense; i.e., will they assist in describing the community and help in making 
predictions (e.g., what is the response of the community to a perturbation?). If 
the guild concept proves its utility, then it will be assumed that the level of 
similarity chosen to delineate guilds was adequate. 
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DEVELOPMENT OF A GUILD SYSTEM 
Because no extant guild system, with the exception of Salon's (1975) 
reproductive guilds system, was adequate for describing Illinois lake fish 
assemblages, a new, comprehensive system was developed which incorporated 
characteristics of several previous approaches. Three main aspects of a fish's life 
history: reproduction, trophic position, and habitat utilization, were selected as 
the major components of the classification system (Table 2). Within each major 
component were from 3-10 characteristics where each characteristic was 
described by a series of binomial traits (1 if character is present, 0 if absent). For 
example, in the spawning component, the egg deposition substrate character 
(Table 2, Section A) was described by 11 binomial traits such as gravel, cobble, 
silt, etc. If the species spawns on gravel and cobble, but not silt it was scored 1,1, 
and 0, respectively. The terms component, character and trait will be used 
hereafter in reference to the different levels of the life history data set. 
To determine the presence or absence of each trait for each species, a 
literature search was conducted based on species summaries compiled for the 
Illinois Fish and Wildlife Information System (IFWIS), numerous references 
cited in IFWIS reports, and other references. For most species and traits, there 
was sufficient information to assign a value to each trait. However, there were 
several instances where data did not exist or were ambiguous. In these cases a 
best guess was made based on the available information and the traits of 
congeners. Often a species would exhibit several of the traits within a character. 
When possible, only the most common traits were scored as 1; rare traits were 
ignored (scored as 0). Again, due to incomplete knowledge of life history as well 
as the ecological plasticity of many species, the final scorings are inherently 
subjective to some degree. Adequate data were found for all life history 
characteristics listed in Table 2 with the exception of larval habitat preference 
(character O) and larval substrate association (character P), consequently, these 
were dropped from the analysis. Original data are given in Appendix A. 
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Table 2. Characteristics used in the development of a guild classification system 
for Illinois fishes (not shown are species coding variables 1-7). 
SPAWNING: 
A. Egg deposition: 
8. Pelagic 
9. Rock 
10. Gravel 
11. Sand 
12. Silt 
13. Packed mud 
14. Vegetation 
15. Cavity 
16. Woody debris 
17. Internal 
18. Other 
B. Substrate preparation: 
19. Pelagic-no prep. 
20. Open surface-no prep. 
21. Open surf .-fan, min. prep. 
22. Open surf.-excavation 
23. Natural cav. user-min. prep. 
24. Cavity excavation 
25. Nest constr. of org. material 
C. Spawning habitat: 
26. Inflowing river-pelagic 
27. Inflowing river-substrate 
28. Marsh, wetlands 
29. Main lake-littoral 
30. Main lake-pelagic 
31. Flooded vegetation 
D. Egg buoyancy: 
32. Pelagic 
33. Semi-pelagic 
34. Demersal 
E. Fecundity: 
35. Low 
36. Medium 
37. High 
F. Days to hatching: 
38. <4 
39. 4-9 
40. 10-14 
41. 15+ 
G. Spawning season: 
42. Early spring 
43. Late spring 
44. Summer 
45. Autumn 
H. Spawning period duration: 
46. Short, discrete 
47. Long, uninterrupted 
48. Long, discrete intervals 
I. Water circ. over eggs by parent: 
49. Present 
T. Nest depth/spawning depth: 
50. < Im 
51. l-3m 
52. > 3m 
Table 2. (continued) 
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TROPHIC STATUS: 
K. Class as larvae: 
53. Detritivore 
54. Herbivore 
55. Generalized insectivore 
56. Benthic insectivore 
57. Piscivore 
58. Planktivore: cladocera, etc. 
59. Invertivore: crayfish, etc. 
L. Class as juvenile: 
60. Detritivore 
61. Herbivore 
62. Generalized insectivore 
63. Benthic insectivore 
64. Piscivore 
65. Planktivore: cladocera, etc. 
66. Invertivore: crayfish, etc. 
M. Class as adult: 
67. Detritivore 
68. Herbivore 
69. Generalized insectivore 
70. Benthic insectivore 
71. Piscivore 
72. Planktivore: cladocera, etc. 
73. Invertivore: crayfish, etc. 
N. Weight at maturity in Illinois: 
74. <50gm 
75. 50- 99 gm 
76. 100-499 gm 
77. => 500 gm 
HABITAT PREFERENCE: 
O. Larval habitat preference: 
78. Littoral-limnetic 
79. Littoral-benthic 
80. Marsh 
81. Pelagic-limnetic 
82. Pelagic-benthic 
P. Larval substrate association: 
83. Mud 
84. Sand 
85. Silt 
86. Gravel 
87. Organic detritus 
88. Cobble 
89. Bedrock 
90. Vegetation 
O. Tuvenile habitat preference: 
91. Littoral-limnetic 
92. Littoral-benthic 
93. Marsh 
94. Pelagic-limnetic 
95. Pelagic-benthic 
Table 2. (continued) 
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R. Tuvenile substrate association; 
96. Mud 
97. Sand 
98. Silt 
99. Gravel 
100. Organic detritus 
101. Cobble 
102. Bedrock 
103. Vegetation 
S. Adult habitat preference: 
104. Littoral-limnetic 
105. Littoral-benthic 
106. Marsh 
107. Pelagic-limnetic 
108. Pelagic-benthic 
T. Adult substrate association: 
109. Mud 
110. Sand 
111. Silt 
112. Gravel 
113. Organic detritus 
114. Cobble 
115. Bedrock 
116. Vegetation 
U. Turbidity tolerance: 
117. Intolerant 
118. No effect 
119. Tolerant 
V. Low DO tolerance: 
120. Intolerant 
121. No effect 
122. Tolerant 
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Data Analysis 
The data set consisted of a matrix with rows of species and a column for 
each life history trait. Because each character was composed of varying numbers 
of traits an analysis performed on the whole matrix would bias results in favor 
of the characters with the most traits. Also, because the character was the unit of 
interest for classification, not the individual traits, the data set was subdivided 
into a separate matrix for each character. Next, analysis was performed on each 
separate character. Finally, the similarity values for each character were pooled 
for the final analysis. 
Binary data were tabulated in the following way for each trait of each 
character. The elements of the matrix (a, b, c, d) were the sums of the binary trait 
scores for each combination of species (e.g., a is the sum of all matching traits 
between any two species). 
Species A 
Exhibits 
trait 
Does not 
exhibit trait 
Species B 
Exhibits 
trait 
Does not 
exhibit 
trait 
Similarity values were calculated for each character matrix using the simple 
matching coefficient (SMC) and Jaccard's similarity index (JAC) (Romesburg 
1984): 
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SMC = (a+d)/(a+b+c+d) 
JAC = a/(a+b+c) 
The SMC utilizes both positive and negative matches while the JAC index 
ignores negative matches. In this type of analysis the mutual absence of a 
particular trait (as incorporated in the SMC) may be important. For example, 
the lack of utilization of a resource may allow species to coexist when that 
resource is degraded or missing, whereas other species may perish. This view, 
however, opposes the original definition of a guild where mutual resource 
utilization is imperative. As with all data analyses of this type it is useful to 
view the data from as many perspectives as possible (Romesburg 1984). Further, 
the two similarity indices are not pairwise monotonically related (Romesburg 
1984), meaning that they emphasize different aspects of the data set. Thus data 
were analyzed using both similarity indices. 
The analysis proceeded in two major steps: (1) filtering useful data from 
redundant, i.e., non-informative data and, (2) assessing patterns in the data. 
One way of assessing the non-redundancy of the characters was to subject them 
to analysis themselves, an R-analysis (Rohlf 1988). First, a separate similarity 
matrix was calculated for each character in the original data resulting in 19 
different matrices. Next, a matrix correlation coefficient was calculated between 
each possible pair of these character similarity matrices. These correlation 
coefficients were then placed in a new matrix and clustered using the 
unweighted pair group method with arithmetic averaging (UPGMA) (Sneath 
and Sokal 1973) as implemented in NTSYS (Rohlf 1988). Cluster analysis was 
also performed with single linkage, complete linkage, and the weighted pair 
group method, but UPGMA consistently produced better matrix correlation 
coefficients. The results (Figures 1 and 2) suggested that characters R and T, 
which correspond to juvenile and adult substrate preference were similar in 
information content. Character R was subsequently dropped from use in 
further analysis due to its redundancy and the ability to collect adult substrate 
preference information much more easily than that of juveniles. 
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Figure 1, Dendrogram resulting from UPGMA cluster analysis of 20 life history characters using simple 
matching coefficient (character codes A-V are defined in Table 2). 
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Figure 2. Dendrogram resulting from UPGMA cluster analysis of 20 life history characters using the 
Jaccard coefficient (character codes A-V are defined in Table 2). 
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The characters (A, B, etc.) in each of the three separate components 
(spawning, trophic, and habitat) in the reduced data set were clustered using 
UPGMA. I also performed this analysis for each combination of two 
components and for all three components combined. To interpret these clusters 
I looked for obvious groupings of 2 to 10 species. This decision was made for the 
purpose of having guilds that generally would not be composed of single 
species, nor have so many species that the guild is meaningless, thus defeating 
one of the purposes of defining guilds. However, where a single species or a 
group of species showed distinct separation from other species or groups it was 
accepted, even if the guild would fall out of the size range defined above. 
As an unbiased method of determining the goodness-of-fit of the clustering 
to the data I calculated matrix cophenetic correlation coefficients between each 
dendrogram and the original data sets (Rohlf 1988). The cophenetic matrix is 
calculated from the dendrogram by determining, for each species pair, the 
linkage level assigned to that pair by the clustering algorithm. Next, Pearson's 
correlation coefficient is calculated between the SMC or JAC similarities in the 
original data matrix and the linkage level from the cluster analysis (the 
cophenetic matrix), thus it is called a cophenetic correlation coefficient. This 
degree of fit was subjectively interpreted as follows (Rohlf 1988): 
r ^ 0.9 very good fit 
0.8 < r < 0.9 good fit 
0.7 ^ r < 0.8 poor fit 
r < 0.7 very poor fit 
This coefficient, it must be noted, only gives information on the ability of the 
cluster algorithm to describe relationships in the data, not on how well the 
clusters explain relationships in the community. 
Besides using cluster analysis as a means of ascertaining similarity between 
species, I used nonmetric multidimensional scaling (MDS). This method 
computes "coordinates for a set of points in space such that the distances 
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between pairs of these points fit as closely as possible to measure dissimilarities 
between a corresponding set of objects" (Wilkinson 1989). The same data sets 
that were clustered were also subject to MDS and plots created of the first several 
axes. 
To further help identify species guilds and the underlying factors that 
define the relationships between the species, I performed a correspondence 
analysis (Rohlf 1988) on the raw binary data. Traits 8-52 were used for the 
spawning character with traits 17,25, and 45 being deleted because they 
contained all zeroes. The NTSYS implementation of correspondence analysis 
(Rohlf 1988) calculated Chi-square distances for row (species) and column (traits) 
variables and then fitted a model describing the patterns of deviations from 
independence. The first and second row and column factors described by this 
model were then plotted against each other to elucidate patterns. 
Fish population data used to assess the dynamics of the guild systems were 
taken from the Fisheries Analysis System statewide database (see Section I for a 
description). Prior analysis (Section I) concluded that samples by both 
electrofishing and gill netting gears were necessary to obtain a representative 
sample of the community and that both gears were selective in the relative 
abundance that they represent. Two gill net samples collected the majority of 
species in the approximate relative abundance to that represented by a greater 
number of samples. The amount of electrofishing effort was positively related 
to the percent of species caught as well as lake size. Larger lakes required more 
effort to catch a similar percentage of the species than did small lakes. 
Therefore, only lakes with at least the minimal electrofishing effort given in 
Section I and at least two gill net samples were selected. Electrofishing and gill 
net data were then adjusted using gear efficiency equations derived from an 
independent data set. Finally the catches were combined using a weighting 
algorithm which reflects the area effectively sampled by each of the gears 
(described in Section IV). This resulted in a data set which was comparable 
between lakes and is in the form of biomass and numbers of fish per hectare for 
each of the 42 species of fish. 
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GUILD DESCRIPTIONS 
Guild Definition and Characteristics 
In general the fit of the clustering algorithms to the life history data was 
poor. Clusters of all individual components and combinations of components 
had cophenetic correlation coefficients of 0.70 or less, except the spawning 
characteristics cluster (r = 0.793). Unfortunately, none of the other clustering 
methods (complete linkage, single linkage, or weighted pair group method) 
proved any better. Although cophenetic correlation coefficients do not explidty 
relate to the interpretability of the dendrograms it was apparent from visual 
inspection that dendrograms with higher cophenetic correlation coefficients 
provided more distinct groupings. In general, clusters based on the simple 
matching coefficient and the Jaccard coefficient produced similar clusters, but 
SMC generally resulted in higher cophenetic correlation coefficients. Because 
the SMC, due to its incorporation of paired negative characters, seemed to reflect 
biological reality better, I used only SMC in the following analysis. 
In an attempt to improve interpretability, several variations of the 
spawning component cluster were run with selected characters deleted. First, I 
removed character I (water circulation over eggs) because of its resemblance to 
character B (substrate preparation) as shown by their similarity in the R-analysis 
(Figures 1 and 2) and because, intuitively, there is at least a marginal 
correspondence between fishes that excavate nests by farming and those that 
guard the nest and provide circulation. However, cluster analysis with character 
"I" removed actually decreased the cophenetic correlation to 0.775 and resulted 
in a dendrogram with several species not associated with any cluster and also 
which was generally less interpretable. Next, I removed characters G and H (but 
included character I) because they describe spawning duration and timing rather 
than the habitat-associated characteristics of the other factors. These characters 
were also not associated with other spawning characters in the R-analysis 
(Figures 1 and 2). Cluster analysis of the reduced data set produced an improved 
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cophenetic correlation (r=0.835), however, the interpretation of the dendrogram 
was still complicated but described less information about the fishes. Because 
one of the major problems associated with Illinois impoundments is siltation 
and because characters G and H reflect both the timing and duration of 
spawning which may reflect their ability to spawn after major influxes of silt (or 
other perturbations), I decided to keep these characters in the data set. 
The resulting dendrogram of spawning characteristics (Figure 3) can be 
divided into 10 groups (Table 3). Non-metric multidimensional scaling (Figure 
4) shows basically similar relationships to that of the dendrogram and affirms 
the clustering. Correspondence analysis of the species (Figure 5) also identified 
marginally similar groups. A plot of the traits (Figure 6) identifies those that are 
primary in separating groups. For example, traits 8,19,30, and 32 (located in the 
lower left of Figure 6) all indicate pelagic spawning behavior exhibited by 
freshwater drum, striped bass, and gizzard shad. Similarly, traits indicating 
spawning on flooded vegetation (31) and in the early spring (42) (located in the 
upper right of Figure 6) characterize spawning habits of several of the esodds. 
Interpretation of Figures 3-6 and examination of the raw data resulted in 
spawning guilds described as follows: 
(51) nest-spawners with parental care, medium fecundity, relatively long 
duration of spawning, spawn in the littoral zone on a wide variety of 
substrates though primarily rock, gravel, sand, or silt. All centrarchids 
except for black bullhead. 
(52) parental care but mix of nest spawners and speleophils, most have short 
spawning period, locate nests in shallow areas on rock, gravel, or sand with 
the exception of the redear sunfish which tends to lay eggs on vegetation. 
(53) cavity nesters (speleophils) that provide parental care and spawn over a 
long time period, but are of medium to low fecundity. 
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Figure 3. Dendrogram resulting from UPGMA cluster analysis of 42 fish species using only characters in tl 
spawning life history component (A-J). The simple matching coefficient was using to measure 
similarity between characters. Cophenetic correlation coefficient (r) = 0.7933. 
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Table 3. Classification of 42 Illinois fishes into reproductive guilds. 
Group SI 
Micropterus salmoides 
Lepomis cyanellus 
Lepomis megalotis 
Lepomis gibhosus 
Lepomis gulosus 
Lepomis humilis 
Lepomis macrochirus 
Pomoxis nigromaculatus 
Ameiurus mêlas 
Group S2 
Amia calva 
Lepomis microlophus 
Micropterus dolomieui 
Pylodictus olivaris 
Ameiurus nebulosus 
Ameiurus natalis 
Group S3 
Pimephales notatus 
Ictalurus punctatus 
Group S4 
Pomoxis annularis 
Group S5 
Cyprinus carpio 
Ictiobus bubalus 
Group S6 
Labidesthes sicculus 
Pimephales promelas 
Carassius auratus 
Notemigonus crysoleucas 
Carpiodes carpio 
Caijjiodes cyprinus 
Group S7 
Notropis atherinoides 
Dorosoma petenense 
Group S8 
Ictiobus cyprinellus 
Esox masquinongy 
Morone mississippiensis 
Morone chrysops 
Stizostedion vitreum 
Perça flavescens 
Group S9 
Moxostoma erythrurum 
Moxostoma macrolepidotum 
Esox americanus 
Esox lucius 
Catostomus commersoni 
Group SIO 
Dorosoma cepedianum 
Aplodinotus ^unniens 
Morone saxatilis 
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Figure 6. First (horizontal) and second (vertical) factors from 
correspondence analysis of traits in component 1 
(spawning characters) of 42 Illinois lake fishes. 
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(54) provides parental care and spawns over a wide variety of substrates but 
prefers vegetation, medium to high fecundity with a short spawning 
period. 
(55) no parental care, egg broadcasters that spawn over a wide variety of 
substrates in littoral zone of main lake, flooded vegetation or inflowing 
rivers, high fecundity, relatively long spawning period. 
(56) diverse group but generally with no parental care, spawning over a long 
period in shallow water throughout late spring and summer. This group 
includes a pelagic spawner (brook silversides), a cavity spawner (fathead 
mirmow), and two species that spawn in inflowing rivers, but that have not 
been reported to spawn in reservoirs (river carpsucker and quillback 
carpsucker). 
(57) pelagic spawners with eggs settling to the substrate or whatever they 
become attached to, no parental care, long spawning season with eggs 
hatching relatively quickly. 
(58) no parental care, high fecundity, but spawning period of short duration, 
generally spawn in shallow water (or flooded vegetation as in 
muskellunge) but can select deeper water or inflowing rivers (walleye). 
(59) open surface spawners with no or very little nest preparation, spawn in 
shallow water, often in flooded vegetation (northern pike and grass 
pickerel) or in inflowing rivers (golden redhorse, shorthead redhorse, and 
white sucker), medium to high fecundity, short spawning period. 
(SIO) pelagic or semi-pelagic spawners, no parental care, high fecundity, short 
hatching period, spawn in inflowing rivers (obligate for striped bass) or a 
wide variety of areas (gizzard shad and freshwater drum). 
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These guilds can also be classified on a higher level giving a hierarchical order 
to the description of their inter-relationships. Guilds S1-S4 all are parental care 
givers (nest-guarders) and generally nest builders or cavity spawners. Guilds 
S5-S7 are non-guarders which spawn over a long period and are of medium 
fecundity. Guilds S8-S10 are highly fecund non-guarders that generally spawn 
during a brief period. 
Balon's Reproductive Guild System 
Balon (1975) developed his guilds based "mainly on form and function in 
early developmental intervals, on preferred spawning grounds and on features 
of reproductive behaviour." Balon hypothesized that predators and oxygen 
regime were of greatest importance to survival. Consequently, spawning 
behavior and location determine the degree of protection from predators and 
the oxygen conditions that the developing eggs and fish will face. For 
comparison, the spawning guild system developed and described in the 
preceeding section encompassed aspects of behavior, such as nest guarding, and 
location of spawning. Although several other characters were added in my 
analysis it is not surprising that the two guild systems show marginal similarity. 
When Balon's (1975) guild system was applied to 42 common Illinois fishes 
(Table 4) the number of species per guild ranged from 1 to 8 with only white 
crappie and pumpkinseed being in single species guilds. In my guild system, 
white crappie was also grouped into a distinct guild, but pumpkinseed was in 
group SI with most of the nest-spawning centrarchids. The exceptions, such as 
Balon's guild A.1.5, include fishes with wide variation in spawning 
characteristics particularly in terms of timing and location, although they are all 
generally similar in that they tend to scatter eggs on vegetation. 
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Table 4. Classification of 42 common Illinois reservoir species into reproductive 
guilds as described by Balon (1975) with numbering from Balon (1985) 
(asterisks denote species not originally placed in guilds by Balon, but 
subsequently placed by Austen and checked by Balon via personal 
communication). Numbers in parentheses indicate spawning guild 
placement as described in Table 3. 
A. Non-guarders 
1. Open substratum spawners 
1. Pelagophil 
Notropis atherinoides (3) 
Aplodinotus grunniens (10) 
2. Litho-pelagophils 
Stizostedion vitreum (8) 
Dorosoma cepedianum (10) 
Morone saxatilis (10) 
3. Lithophil 
Moxostoma erythrurum (9) 
Moxostoma macrolepidotumO) 
Catostomus commersoni (9) 
4. Phyto-lithophil 
Dorosoma petenense * (7) 
Morone chrysops (8) 
Perca flavescens (8) 
Morone mississippiensis * (8) 
Labidesthes sicculus (9) 
5. Phvtophil 
Ictidbus bubalus * (5) 
Cyprinus carpio (5) 
Carassius auratus (6) 
Notemigonus crysoleucas (6) 
Esox masquinongy (8) 
Ictidbus cyprinellus (8) 
Exox americanus (9) 
Esox lucius (9) 
6. Psammophil 
Carpiodes carpio * (6) 
Carpiodes cyprinus (6) 
Table 4. (continued) 
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B. Guarders 
1. Substrate choosers 
4. Phvtophil 
Pomoxis annularis (4) 
2. Nest spawners 
2. Polyphil 
Lepomis gibbosus (1) 
3. Lithophil 
Ameiurus mêlas (1) 
Lepomis cyanellus (1) 
Lepomis humilis * (1) 
Lepomis macrochirus (1) 
Lepomis megalotis (1) 
Lepomis microîophus * (2) 
Micropterus dolomieui (2) 
Pylodictus olivaris (2) 
5. Phvtophil 
Lepomis gulosus * (1) 
Pomoxis nigromaculatus (1) 
Micropterus salmoides (1) 
Amia calva (2) 
7. Speleophil 
Ameiurus nebulosus (2) 
Ameiurus natalis (2) 
Pimephales notatus (3) 
Ictalurus punctatus (s) 
Pimephales promelas (6) 
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Guild System of Mimcy et al. (1979) 
The classification system developed by Muncy et al. (1979) formed the 
model for the guild system developed in this dissertation, but with several 
notable changes in the selection of characters. Muncy et al. (1979) worked under 
the assumption that high siltation levels would affect courtship behavior and, 
therefore, included characters such as those describing pre-spawning 
aggregations, mating complexes, sexual dimorphism, courtship complexity, 
territoriality, duration of nest/egg guarding, and degree of egg tending which 
were not incorporated into my guild definition. The remainder of the 
characters used by Muncy et al. (1979) were also used in this study. Therefore, 
one would not expect similar classifications. In fact, of the resulting four groups 
(Table 5), only Group 1 was marginally similar in that it could have been 
approximated by coalescing guilds SI and S3 as described in Table 3. 
It seems reasonable to assume that many of the characters describing 
spawning behavior would be correlated. For example, Muncy et al. (1979) 
included, as distinct characters, nest site guarding, water circulation over eggs by 
parent, duration of guarding, and egg tending (cleaning, removal of dead eggs, 
etc.). Although there are undoubtedly species that show differing degrees of 
each behavior, it is likely that such characteristics are correlated and that, for 
example, presence of nest guarding would be associated with the others. 
Therefore, even though my system did not incorporate many of the same 
characters as that of Muncy et al. (1979), it may have approximated a similar 
underlying ecology but with fewer variables. 
Trophic and Habitat Based Guilds 
The three guild systems described until now, those of Balon (1975), Muncy et 
al. (1979) and the one developed above, were all based on reproductive 
characteristics. As Balon (1975) hypothesized, the ecology of reproduction and 
early development may be of primary importance in determining the fish 
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Table 5. Grouping of 42 Illinois species according to reproductive behavior as 
determined by Muncy et al. (1979). Species noted by asterisk were not 
grouped by Muncy et al. (1979), but placed by Austen based on group 
descriptions given in Muncy et al. (1979). Group 2 of Muncy et al. 
contained none of the 42 Illinois species that I classified. Numbers in 
parentheses indicate spawning guild placement as defined in Table 3. 
Group 1 
Complex spawning 
with parental care 
Pomoxis nigromaculatus (1) 
Micropterus salmoides (1) 
Lqjomis cyanellus (1) 
Lepomis gibbosus (1) 
Lepomis gulosus (1) 
Lepomis humilis (1) 
Lepomis macrochirus (1) 
Lepomis megalotis (1) 
Ameiurus melas (1) 
Ameiurus nebulosus (2) 
Ameiurus natalis (2) 
Lepomis microlophus (2) 
Micropterus dolomieui (2) 
Pylodictus olivaris (2) 
Amia calva (2) 
Ictalurus punctatus (3) 
Pimephales notatus (3) 
Pomoxis annularis (4) 
Pimephales promelas (6) 
Group 3 
Simple spawners using 
various substrate types 
Cyprinus carpio (5) 
Carassius auratus (6) 
Carpiodes cyprinus * (6) 
Notemigonus crysoleucas (6) 
Dorosoma petenense (7) 
Dorosoma cepedianum (10) 
Aplodinotus grunniens (10 
Group 4 
Simple spawning lithophils 
and phytophils 
Ictiobus bubalus * (5) 
Percaflavescens (8) 
Ictiobus cyprinellus (8) 
Morone mississippiensis * (8) 
Esox masquinongy (8) 
Esox americanus (9) 
Esox lucius (9) 
Group 5 
Simple spawning lithophils 
Carpiodes carpio * (5) 
Labidesthes sicculus (6) 
Notropis atherinoides * (7) 
Morone chrysops (8) 
Stizostedion vitreum (8) 
Moxostoma erythrurum * (9) 
Moxostoma macrolepidotum (9) 
Catostomus commersoni (9) 
Morone saxatilis (10) 
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community, but this is far from the fisheries paradigm. Competition and 
prédation at all stages of life history are thought to be important in structuring 
communities. Also, numerous guild systems based on considerations other 
than spawning have proven useful in describing community structure (Table 1). 
The trophic-level component (characters K, L, and M in Table 2) were 
analyzed in a similar manner to that of the spawning component and produced 
a dendrogram interpreted as nine clusters (Figure 7; cophenetic correlation 
coefficient = 0.694). Similarly, correspondence analysis was performed on traits 
53 to 73 with the first and second factors plotted for the species (Figure 8) and 
traits (Figure 9). Guilds are described as follows: 
(Tl) primary pisdvore - larval stage feeds on small invertebrates but quickly 
become piscivorous as juveniles and adults. This group includes all the 
esodds, striped bass, black basses, and walleye. 
(T2) generalized insectivore/invertivore - generally planktivorous as larvae 
while juveniles and adults feed on insects and pelagic and benthic 
invertebrates. Most of the sunfish fall into this group as well as yellow 
perch, crappies, emerald shiner, and brook silverside. 
(T3) herbivore/planktivore/detritivore - threadfin shad, gizzard shad, and 
fathead minnow comprise this group which feeds on plankton, algae, and 
detritus. 
(T4) generalized planktivore - primarily planktivorous as larvae, but juveniles 
and adults feed on a wide variety of invertebrates. 
(T5) planktivore/omnivore - planktivorous as larvae but adults feed on a wide 
variety of food. 
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trophic life history component (K-M). The simple matching coefficient was using to measure 
similarity between characters. 
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Figure 8. First (horizontal) and second (vertical) factors of correspondence 
analysis of trophic traits from life history data set. Species codes 
given in Section I, Table 1. 
83 
Factor 1 
Figure 9. First (horizontal) and second (vertical) factors from correspondence 
analysis of trophic traits from life history data set of 42 Illinois lake 
fishes. Plotted points represent traits listed in Table 2. 
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(T6) insectivore/planktivore/invertivore - members such as carp and bigmouth 
buffalo feed on a wide variety of invertebrates both in the water column 
and as benthos. 
(T7) benthic omnivore - a diverse group including bowfin and channel catfish 
that feed on benthic invertebrates, detritus, but includes some pisdvory as 
adults. 
(T8) benthic invertivore - primarily feed on benthic insects and other 
invertebrates. Includes, among others, the redhorses, carpsuckers, 
freshwater drum, and white sucker. 
(T9) omnivorous piscivore - flathead catfish feeds on a wide variety of items, 
but adults become efficient pisdvores. 
In a similar manner, habitat guilds were delineated (Figure 10; cophenetic 
correlation coeffident = 0.700) with correspondence analysis plots in Figures 11 
and 12. Due to inadequate data for many of the habitat characters, particularly at 
the larval and juvenile stages, only characters Q, S, T, U, and V were 
incorporated into this analysis. Five guilds were delineated, but there appears to 
be a great deal of variation within these guilds. Further, the CA plots of the 
groups tend to be very scattered indicating that they are not well defined into 
categories by the factors. 
(HI) littoral-zone species, often associated with vegetation and a wide variety of 
substrates. 
(H2) all members have low silt tolerance, juveniles found in littoral areas, but 
adults are found in both littoral and pelagic areas, no benthic oriented 
spedes. 
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Figure 10. Dendrogram resulting from UPGMA cluster analysis of 42 fish species using only characters in the 
habitat life history component (Q, S, T, U, and V). The simple matching coefficient was using to 
measure similarity between characters. 
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Table 1. 
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(H3) diverse group associated with a wide variety of substrates and regions in the 
lake, generally tolerant to turbidity and with moderate ability to withstand 
low dissolved oxygen (DO) concentrations. 
(H4) hardy group that is tolerant to elevated turbidity and low DO. Several 
members are found in marsh areas as young (black and brown bullheads, 
orangespotted sunfish), some are main-lake benthic oriented (river 
carpsucker, flathead catfish and white sucker). 
(H5) benthic oriented (except yellow bass) with moderate to poor tolerance to low 
DO and turbidity. 
The lack of differentiation among these species is not particularly surprising 
considering that the species chosen for the classification were those already 
commonly present in Illinois lakes. Because of the perpetual silt problems it 
would be expected that any silt-intolerant species such as river redhorse 
(Moxostoma carinatum), black redhorse (M. duquesnei), and highfin carpsucker 
iCarpiodes velifer), would already have been eliminated from the system. For 
example. Smith (1979) reported that the highfin carpsucker was the least 
abundant of the carpsuckers in Illinois, while noting that earlier surveys of 
Forbes and Richardson (1908; 1920) found it to be the most generally distributed 
and abundant. The decline was attributed to excessive siltation and declining 
water quality (Smith 1979). Also, many lakes are subjected to severe 
hypolimnetic oxygen depletion during the summer months (and winterkill in 
the northern areas), thus eliminating species with requirements for high 
dissolved oxygen content. 
Many of the species that persist in reservoirs, such as the centrarchids, 
evolved in river floodplain systems and are adapted to hydrologically variable 
environments. These systems often exhibit periods of slow moving, stable 
water levels, somewhat similar to that of a reservoir with short retention time 
and are dominated by silt substrate except for the main channel areas. 
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Combined Guilds 
Under the assumption that species respond to a variety of factors, both 
environmental and interspecific, I combined the spawning guild and trophic 
guild into one guild system. This was accomplished by adding the matrices of 
similarity values for each of the individual guild definitions and then 
subjecting that matrix to cluster analysis. This analysis should equally represent 
the influences of spawning and trophic position into a more general 
classification scheme. The dendrogram resulting from this analysis indicates 
nine groups which can be described as follows (Figure 13): 
(CI) nest guarding, insectivore-piscivores. 
(C2) nest guarding, invertivores. 
(C3) generally benthic feeders of wide ranging food habitats and nest guarders. 
(C4) insectivores-invertivores, pelagic-benthic feeders, non-guarding, egg 
scatterers, highly fecund. 
(C5) insectivore-invertivores, water-column feeders, non-guarders. 
(C6) benthic invertivores, non-guarders. 
(C7) primary piscivores, non-guarding egg scatterers, esodds are phytophilous 
while striped bass spawns in flowing rivers. 
(C8) piscivore-invertivores, non-guarding. 
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Figure 13. Guild definition resulting from a combination of components 1 and 3 using UPGMA cluster 
analysis and simple matching coefficient. 
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(C9) bluntnose minnow - a guarding, cavity nesting minnow, feeding on 
invertebrates. 
Similarity Among Derived Guild Systems 
All three basic guild systems (spawning, trophic, and habitat) obviously 
reflect different aspects of the fishes life history. Thus, the question can be asked, 
does similarity among species in one aspect of their life history relate to other 
aspects? To assess such similarity I compared, using matrix correlations, all 
possible permutation of the individual similarity matrices derived for each 
different guild definition (Table 6). The correlation coefficients between the 
three basic guild systems were low, indicating no correspondence between 
species that were similar, for example, in terms of spawning characteristics and 
those similar in trophic position (as well as the other two possibilities). As can 
be expected, the combination guilds were similar to the components from which 
they were derived. 
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Table 6. Matrix correlation coefficients between the similarity matrices of the 
three basic derived guild definitions and all possible combinations of 
the guilds. 
1 = spawning guild 
2 = trophic guild 
3 = habitat guild 
4 = combination of 1 + 2 
5  =  1 + 3  
6 = 2 + 3 
7 = 1 + 2 + 3  
0.157 
0.087 0.189 
0.750 0.771 0.183 
0.681 0.236 0.789 0.597 
0.155 0.734 0.806 0.591 0.688 
0.800 0.556 0.551 0.889 0.899 0.717 
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GUILD DYNAMICS 
Reproductive Guilds 
Total number of reproductive guilds represented per lake was positively 
related to lake size (r = 0.495, P < 0.001) (Figure 14, top). To further assess the 
lake size effect I divided the data into seven different lake size classes based on 
exponentially increasing surface area. The classes used were: 
Several questions were asked based on these relationships: (1) Which guilds 
were added as lake size increased? (2) As lake size increased, did the number of 
guilds increase while species per guild remained constant? or (3) Did the 
number of species per guild and number of guilds simultaneously increase with 
lake size, thus resulting in an overall increase in abundance? 
Several guilds showed increased species presence with lake size. Group S8 
(r = 0.694, P < 0.001), simple spawners with no parental care; Group SIO 
(r = 0.639, P < 0.001) (Figure 15), a primarily pelagic spawning group; and Group 
S2 (r = 0.529, P < 0.001), consisting of nest-guarders that spawn both on open 
substrate and as speleophils, all showed increasing numbers of species with lake 
size. As with Balon's guilds there was a dramatic increase in species abundance 
shown by the guild containing gizzard shad (Group SIO), but others showed no 
corresponding increase in abundance of its members with lake size (Figure 16). 
Again, there appears to be increased species representation, but no increase in 
abundance. 
Size Category Acreage range (ha) 
1 
2 
3 
4 
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6 
7 
<20.1 
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54.6 -148.3 
148.4 - 403.3 
403.4-1096.5 
1096.6-2980.9 
> 2980.9 
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Figure 14. Number of guilds per lake as related to natural log of lake 
surface area (ha). Top graph represents Austen's spawning 
guilds as defined in Table 3. Lower graph shows Balon's 
reproductive guilds as defined in Table 4. 
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Figure 15. Relationship between average number of species in two of 
Austen's spawning guilds as defined in Table 3. Upper 
graph shows guild S8 while lower graph shows guild SIO. 
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15 
Figure 16. Average number of spedes per Austen spawning guild 
(top) and average biomass 0<g/ha) per guild (lower) 
for seven lake size categories. Number of lakes per 
category given in parentheses. 
Balon's Guilds 
The number of guilds present per lake was positively correlated with loge of 
lake surface area (r = 0.516, n = 47, P < 0.001) (Figure 14, bottom). The percentage 
of lakes for which each guild was present (Table 7) varied substantially between 
guilds. Certain guilds were found in lakes of all sizes. (B.2.3, B.2.5, B.2.7), these 
all being nest-spawning guarders with at least one species in each guild 
considered extremely common in all Illinois lakes (bluegill, largemouth bass, 
and channel catfish, respectively). Several guilds were more prominent as lake 
size increased (Figure 17 and 18). The pelagophils (A.1.1), consisting of emerald 
shiner and freshwater drum, and litho-pelagophils (A.1.2), whose members 
were walleye, gizzard shad, and striped bass, were more frequently members of 
large lake fish assemblages (r = 0.664, P < 0.001 and r = 0.605, P = 0.002, 
respectively). Similarly, guild A.1.4, the non-guarding phytophils consisting of 
several Morone species, threadfin shad, yellow perch, and brook silverside, were 
present in larger lakes more so than small ones. Guild A.1.6, the quillback 
carpsucker and river carpsucker, were rarely found in lakes smaller than 1000 
ha. This is most likely due to their preference for medium to large size rivers; 
most smaller reservoirs are formed from small streams that would typically not 
contain these species. Therefore, there is a definite order of guild additions with 
increasing lake size. This is most likely due to a combination of the size of the 
inflowing streams and the species-area relationship (larger units of area contain 
larger range of available habitats and sampling these areas would also cover a 
greater variety of habitats). Also, populations in larger lakes may be more 
persistant particularly through periods of harsh conditions such as winterkill, 
which is more frequent on smaller, shallower lakes than larger lakes. 
To examine the response of species within individual guilds I assessed the 
relationship between number of species per guild and lake size (Figure 18, top). I 
expected that all guilds would respond in the same manner by increasing the 
number of species per guild with lake size, but this was not the case. The two 
pelagophil guilds (A.1.1 and A.1.2) both increased the number of species with 
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Table 7. Percentage of lakes in which each of 11 of Salon's guilds were present. 
Lakes are divided into seven size classes based on exponentially 
increasing surface area (ha) with ranges for each category given in text 
Lake Size Category (number of lakes in parentheses) 
1 2 3 4 5 6 7 
Guild (8) (8) (10) (9) (8) (1) (3) 
A.1.1 25.0 0.0 0.0 11.1 75.0 100.0 100.0 
A.1.2 50.0 50.0 60.0 100.0 100.0 100.0 100.0 
A.1.3 50.0 25.0 40.0 22.2 50.0 100.0 66.7 
A.1.4 62.5 25.0 60.0 77.8 87.5 100.0 100.0 
A.1.5 100.0 75.0 90.0 77.8 100.0 100.0 100.0 
A.1.6 25.0 0.0 10.0 0.0 25.0 100,0 66.7 
B.1.4 62.5 25.0 70.0 77.8 62.5 100.0 100.0 
B.2.2 37.5 0.0 30.0 0.0 12.5 0.0 0.0 
B.2.3 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
B.2.5 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
B.2.7 87.5 100.0 100.0 100.0 100.0 100.0 100.0 
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Figure 17. Biomass of Balon's guilds A.1.1 (top) and A.1.2 (bottom) in 
relation to natural log of lake surface area. Lines indicated 
simple linear regression line. Both are significant at P < 0.01. 
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Figure 18. Average number of spedes per Balon's reproductive guild (top) and 
average biomass (kg/ha) per guild (lower) for seven lake size 
categories. Number of lakes per size category given in parentheses. 
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lake size (r = 0.532 and r = 0.664, respectively, P < 0.001 for both). Also, the 
phyto-lithophil (A.1.4) (r = 0.583; P < 0.001) and the speleophil (B.2.7) (r = 0.538; P 
< 0.001) guilds both showed increasing number of species per guild with lake 
size (Figure 19). Two of the largest guilds in terms of number of species, 
phytophils (A.1.5) and lithophils (B.2.3), showed marginal corresponding 
increase (P = 0.066 and P = 0.033, respectively). The other guilds contained too 
few species to make similar comparisons. 
Therefore, for most guilds there appears to be an increased number of species 
represented per guild as lake size increases, but no corresponding increase in 
abundance (except for the litho-pelagophls). This would indicate that there is 
some factor limiting abundance of the members of the guild so additional 
species must divide up an already utilized resource. 
Trophic Guilds 
The number of trophic guilds per lake was not related to lake size (r = 0.15, P 
= 0.349, n = 41). Only two of the nine trophic guilds showed an increase in 
biomass with lake size. Guild T3, consisting of gizzard shad, threadfin shad, and 
fathead minnow, increased in biomass with loge lake surface area (r = 0.605, P = 
0.002) (Figure 20). Similarly, guild T8, which includes nine primarily benthic 
invertivores, also increased with lake surface area (r = 0.608, P < 0.001). Presence 
of guilds in lakes of various size categories was assessed using the 
logarithmically increasing size categories discussed earlier. Guilds Tl, T2, and 
T7 were present in lakes of all sizes. Guild T3 was found in all lakes larger than 
150 hectares and approximately one-half of those less than 150 hectares. The 
remainder of the guilds showed no consistent pattern in their presence in lakes 
of different size categories. In order to assess the possibility of relationships 
between guilds I tested for correlations between biomass of each pair of guilds 
and found no significant correlations. 
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Figure 19. Relationship between average number of species in a guild 
and natural log of lake surface area (ha). Upper graph is for 
Balon's guild A.1.2 (non-guarding, litho-pelagophils), lower 
graph for guild A.1.4 (non-guarding, phyto-lithophils). 
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Figure 20. Biomass of trophic guilds T3 (top) and T8 (bottom) in 
relation to natural log of lake surface area. Lines indicated 
simple linear regression line. Both are significant at P < 0.01. 
104 
Combined Guilds 
As with the trophic guilds, the number of combined guilds per lake was not 
related to loge lake surface area (r = 0.168, P = 0.295). Only guild C4 (gizzard shad, 
threadfin shad, and freshwater drum) showed increasing biomass with lake size 
(r = 0.722, P < 0.001). The other guilds showed no substantial relationship with 
lake size (Figure 21, lower). However, three guilds, C4 (gizzard shad, threadfin 
shad, freshwater drum), C6 (eight primarily benthic feeders), and C8 (walleye, 
white bass, yellow bass, yellow perch), all showed an increase in species richness 
with lake size (Figure 21, upper, and Figure 22). 
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Figure 21. Average number of spedes per combined trophic and spawning guild 
(top) and average biomass v(g/ha) per guild (lower) for seven lake size 
categories. Number of lakes per size category given in parentheses. 
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Figure 22. Average number of species for guilds C4, C6, and C8 in relation to lake 
surface area (ha). Line indicates linear regression, n=41 for each graph. 
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GENERAL DISCUSSION 
Guild Dynamics 
Pianka (1980) asked if diverse communities had more guilds than simple 
ones. If one can assume that the guild systems developed here, as well as that of 
Balon (1975), actually reflect true guilds, rather than artificial constructs, we can 
make several statements regarding the role of guilds in community structure. 
First, large lakes tend to have not only more species, but more guilds than 
smaller lakes. It may seem trivial, but a large lake is apparentiy more than just 
an enlarged small lake. New habitats, such as the pelagic zone and large 
inflowing streams or rivers, provide habitat for feeding and spawning. 
Although both of these habitat types are related to lake size they can also be 
found in smaller water bodies such as those formed on or adjacent to large 
streams or rivers. Such a location would provide for greater habitat diversity 
per lake area. For example, two small Grundy County, Illinois, stripmine lakes, 
Mazonia Lake No. 8 and No. 9 (7.6 and 14.4 ha, respectively) do not have any 
permanent inflowing streams, but are connected at high water to the Mazon 
River, a fifth order stream, which in turn flows into the Illinois River just 
several miles downstream. Mazonia 8 and 9, respectively, contain species 
representing 10 and 9 guilds in Balon's classification and 7 and 8 guilds in my 
spawning classification; far more guilds than other lakes of similar size. 
The increase in number of guilds with increased habitat diversity is not 
unexpected. Willson (1974) found that the number of bird guilds increased with 
foliage height diversity and other indicators of vegetation diversity. Therefore, 
increased habitat diversity not only results in increased numbers of species but 
changing guild structure of the community. Willson (1974) also noted that, as 
habitat diversity increased, the number of species in a guild also increased, but 
that this leveled off at both the high and low ends of the spectrum. Similar 
results were found here, but the response varied depending upon the guild. Of 
Balon's guilds only four showed significant positive relationships between 
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spedes number and lake size while two of the largest guilds showed no 
relationship. The same was true of my spawning guild definition with three 
groups showing distinct positive relationships. For both guild definitions, the 
members of the guilds that increased in species representation were often 
pelagic oriented spedes where an increase in lake size would be expected to be 
beneficial. Also found was an increase in the number of species in Balon's 
speleophil guild (three ictalurids, fathead minnow, and bluntnose mirmow) and 
in my group SB (muskellunge, white bass, yellow bass, walleye, yellow perch, 
and bigmouth buffalo). These spedes would seemingly not have a new habitat 
available in large lakes that was not present in smaller lakes. It seems 
reasonable, then, that larger water bodies may simply provide more habitat 
overall and that the species of lesser ability to compete in smaller areas would 
find available resources in the larger lakes. 
With the exception of the guilds containing gizzard shad and freshwater 
drum, most guilds in all definitions maintained relatively stable abundance, 
while increasing the number of spedes per guild as lake size increased. Willson 
(1974) also reported no apparent abundance differences between spedes-rich and 
spedes-poor guilds of birds. Seemingly, this would indicate that there is a 
limited amount of resource available per unit area and that, as the number of 
species competing for this resource increases, there must be a concurrent 
decrease in abundance by the individual species. One could extend this 
argument to say that the spedes have a constant degree of niche overlap. Gatz 
(1979) made a similar conclusion based on guilds derived from morphological 
similarity of stream fishes. He found that spedes in a stream with 25 spedes 
were no more dosely packed than those in a stream with 14 spedes. In order for 
there to be an increase in species richness, therefore, there must be an increase 
in total niche space. Conversely, Willson (1974) found that as the number of 
spedes per guild increased, the size difference between spedes decreased and 
interpreted this as a form of niche "compression". However, Willson went on 
to suggest the possibility of other forms of ecological segregation, other than size, 
which was the only type that she measured. 
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Testing for the Existante of Guild Structure 
Landres (1983) stated that there was, at the time of his publication, no theory 
upon which the guild concept was based. He went on to add that, "independent 
verification of the existance of a guild may be impossible because a guild is an 
artifical construct of the investigator for the purposes of analysis in addressing 
certain questions." Numerous investigators have proposed methods for 
delineating guilds based on niche overlap (Inger and Colwell 1977; Pianka 1980; 
and others dted in the Introduction). However, there is no commonly accepted 
degree of niche overlap or morphological similarity that is used to indicate guild 
organization (Holmes et al. 1979). Whether these derived guilds actually exist in 
animal communities is not well known. 
One approach used to test these guild definitions is to follow guild biomass or 
abundance through time or in various systems. However, there appears to be 
two somewhat offsetting hypotheses as to the changes in a guild that could be 
expected with resource modification. The first is that species within a guild 
intensely compete with each other (Pianka 1980; Vemer 1984), thus implying the 
possibility that one guild member will prevent another from becoming 
established or changing in abundance in concert with other members of the 
guild (Vemer 1984). Gatz' (1979) conclusion that species packing does not occur 
seems to support this point. Similarly, my data suggested that as the number of 
species in guilds increased there was no consequent increase in biomass of the 
guilds. Therefore, as a resource varies, the guild as a whole may respond in a 
predicted manner, but the component species may vary in their response. The 
second hypothesis, and one rejected by Orth (1980) for Salon's reproductive 
guilds, is that individual members of a guild will all respond the same and 
similarly track changes in the resource. If this were true, then one member of a 
guild could be used to predict the response of other members. 
Guilds in a natural community, thus, would not be expected to have all 
members varying similarly with resource modification. This would make it 
impossible to detect guild structure using only abundance or biomass data. Thus 
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we return to the problem of developing resource utilization matrices and 
assessing these for structure as the means for guild definition (e.g. Inger and 
Colwell 1977). Given the difficulty of developing such matrices, this is not an 
acceptable alternative. 
Utility of Guilds as Indicators of Environmental Change 
It was hoped that well developed guilds would allow resource managers to 
monitor one member of a guild and, based on changes in that species 
abundance, extrapolate to other members of the same guild (Severinghaus 1981). 
Unfortunately, this premise has not proven to be true. Orth (1980) found that 
fish species in Lake Carl Blackwell, Oklahoma, within similar guilds as defined 
by Balon (1975), do not co-vary in terms of abundance. Similarly, Landres (1983), 
Vemer (1984), and Szaro (1986) rejected the idea of guild indicator species being 
reflective of the changes that could be expected of other members of the same 
guild. If we assume that niche specialization is common it is reasonable to 
suggest that no two species are exactly alike in terms of resource utilization 
(Verner 1984). Also, given Pianka's (1980) theory that guilds are areas of intense 
competition, neither of these statements are surprising. It is, however, 
reasonable to use the presence and/or abundance of a guild in an area as an 
indicator of the ability of the habitat to support members of that guild (Verner 
1984), and this seems to be a likely use for guilds in resource monitoring and 
management. 
Ill 
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APPENDIX A. LIFE HISTORY DATA FOR 42 ILLINOIS FISHES 
Table Al. Data for character A (egg deposition) of guild analysis 
(see Table 2 for detailed description). 
Species 8 9 10 11 12 13 14 15 16 17 18 
LMB 0 0 1 1 0 1 1 0 0 0 0 
BLG 0 0 1 1 1 1 1 0 0 0 0 
GZS 1 1 1 1 0 0 0 0 1 0 0 
CAP 0 1 0 1 1 1 1 0 1 0 0 
BGB 0 0 1 1 1 0 1 0 0 0 0 
BLB 0 0 1 1 1 1 0 0 0 0 0 
BLC 0 0 1 1 0 1 1 0 0 0 0 
BLS 0 0 0 0 0 0 0 1 0 0 0 
BOW 0 0 1 1 0 0 1 0 0 0 0 
BRB 0 0 1 1 0 0 0 1 0 0 0 
BRS 0 0 1 0 0 0 1 0 0 0 0 
CCF 0 0 0 0 0 0 0 1 0 0 0 
EMS 0 1 1 1 0 1 0 0 0 0 0 
FCF 0 0 1 1 0 0 0 0 0 0 0 
FHM 0 1 0 0 0 0 1 1 1 0 0 
FRD 1 0 0 0 0 0 0 0 0 0 0 
GOF 0 0 0 0 0 0 1 0 1 0 0 
GOR 0 1 1 1 0 0 0 0 0 0 0 
GOS 0 0 0 1 0 0 1 0 0 0 1 
GRP 0 0 0 0 0 0 1 0 1 0 0 
GSF 0 0 1 1 0 1 0 0 0 0 0 
LOS 0 0 1 1 0 1 0 0 0 0 0 
MUE 0 0 0 0 0 0 1 0 0 0 0 
NOP 0 0 0 0 0 0 1 0 0 0 0 
ORS 0 1 1 1 0 1 0 0 0 0 0 
PUD 0 1 1 1 1 0 1 0 0 0 0 
RSF 0 0 0 0 0 0 1 0 0 0 0 
RVC 0 0 0 1 1 0 0 0 0 0 0 
SAB 0 0 0 0 0 1 1 0 0 0 0 
SHR 0 1 1 1 0 0 0 0 0 0 0 
SMB 0 1 1 1 0 0 0 0 0 0 0 
STB 1 0 0 0 0 0 0 0 0 0 0 
THS 1 0 0 0 0 0 1 0 1 0 0 
ULL 0 0 1 1 1 1 0 0 0 0 0 
WAE 0 1 1 1 0 0 1 0 0 0 0 
WAM 0 1 1 0 1 0 1 0 1 0 0 
WHB 0 1 1 0 0 0 1 0 0 0 0 
WHC 0 1 1 1 0 1 1 0 1 0 0 
WHS 0 0 1 0 0 0 0 0 0 0 0 
YEB 0 0 0 0 0 0 0 1 0 0 0 
YEP 0 0 1 1 0 0 1 0 1 0 0 
YLB 0 1 1 1 0 0 1 0 0 0 0 
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Table A2. Life history data for characters B (substrate preparation) and C (spawning 
habitat) of guild analysis (see Table 2 for detailed description). 
Character B Character C 
Species 19 20 21 22 23 24 25 26 27 28 29 30 31 
LMB 0 0 1 1 0 0 0 0 0 0 1 0 0 
BLG 0 0 0 1 0 0 0 0 0 1 1 0 0 
GZS 1 0 0 0 0 0 0 1 0 0 1 0 
CAP 0 1 0 0 0 0 0 0 1 1 1 0 1 
BGB 0 1 0 0 0 0 0 0 1 1 1 0 1 
BLB 0 0 1 0 1 0 0 0 0 . 1 1 0 0 
BLC 0 0 0 1 0 0 0 0 0 0 1 0 0 
ELS 0 0 0 0 1 1 0 0 0 0 1 0 0 
BOW 0 0 0 1 0 0 0 0 0 0 1 0 0 
BRB 0 0 1 0 1 0 0 0 0 1 1 0 0 
BRS 1 0 0 0 0 0 0 1 0 0 1 0 0 
CCF 0 0 0 0 1 0 0 0 1 0 1 0 0 
EMS 0 1 0 0 0 0 0 0 0 0 1 1 0 
FCF 0 0 0 0 1 1 0 0 0 0 1 0 0 
FHM 0 0 0 0 1 0 0 0 1 0 1 0 0 
FRD 1 0 0 0 0 0 0 1 0 0 0 1 0 
GOF 0 1 0 0 0 0 0 0 0 0 1 0 0 
GOR 0 1 0 0 0 0 0 0 1 0 0 0 0 
GOS 0 1 0 0 0 0 0 0 0 0 1 0 0 
GRP 0 1 0 0 0 0 0 0 0 1 1 0 0 
GSF 0 0 0 1 0 0 0 0 0 0 1 0 0 
LOS 0 0 0 1 0 0 0 0 0 0 1 0 0 
MUE 0 1 0 0 0 0 0 0 0 1 0 0 1 
NOP 0 1 0 0 0 0 0 0 0 1 0 0 1 
ORS 0 0 0 1 0 0 0 0 0 0 1 0 0 
PUD 0 0 0 1 0 0 0 0 0 0 1 0 0 
RSF 0 0 0 1 0 0 0 0 0 0 1 0 0 
RVC 0 1 0 0 0 0 0 0 1 0 0 0 0 
SAB 0 1 0 0 0 0 0 0 1 1 1 0 1 
SHR 0 0 1 0 0 0 0 0 1 0 0 0 0 
SMB 0 0 0 1 0 0 0 0 0 0 1 0 0 
STB 1 0 0 0 0 0 0 1 0 0 0 0 0 
THS 1 0 0 0 0 0 0 0 0 0 1 0 0 
ULL 0 1 0 0 0 0 0 0 1 0 0 0 0 
WAE 0 1 0 0 0 0 0 0 1 0 1 0 0 
WAM 0 0 0 1 0 0 0 0 0 0 1 0 0 
WHB 0 1 0 0 0 0 0 1 0 0 1 0 0 
WHC 0 0 1 0 0 0 0 0 0 0 1 0 0 
WHS 0 1 0 0 0 0 0 0 1 0 1 0 0 
YEB 0 0 0 0 1 1 0 0 0 0 1 0 0 
YEP 0 1 0 0 0 0 0 0 1 0 1 0 0 
YLB 0 1 0 0 0 0 0 1 0 0 1 0 0 
Table A3. Life history data for characters D (egg buoyancy), E (fecundity), and 
F (days to hatching) of guild analysis (see Table 2 for detailed description). 
Character D Character E Character F 
Species 32 33 34 35 36 37 38 39 40 41 
LMB 0 0 1 0 1 0 1 0 0 0 
BLG 0 0 1 0 1 0 1 1 0 0 
GZS 0 1 0 0 1 1 0 0 0 
CAP 0 0 1 0 0 1 0 0 1 0 
BGB 0 0 1 0 0 1 0 0 1 0 
BLB 0 0 1 0 1 0 0 1 0 0 
BLC 0 0 1 0 1 0 1 0 0 0 
BLS 0 0 1 1 0 0 0 1 1 0 
BOW 0 0 1 0 1 0 0 1 0 0 
BRB 0 0 1 0 1 0 0 1 0 0 
BRS 0 0 1 1 0 0 0 1 0 0 
CCF 0 0 1 0 1 0 0 1 0 0 
EMS 0 0 1 0 1 0 1 0 0 
FCF 0 0 1 0 1 0 0 1 0 0 
FHM 0 0 1 0 1 0 0 1 0 0 
FRD 1 0 0 0 1 1 0 0 
GOF 0 0 1 0 1 0 0 1 0 0 
GOR 0 0 1 0 1 0 0 1 0 0 
GOS 0 0 1 0 0 1 0 1 0 0 
GRP 0 0 1 0 1 0 0 0 1 0 
GSF 0 0 1 0 1 0 1 0 0 0 
LOS 0 0 1 0 1 0 1 0 0 0 
MUE 0 0 1 0 0 1 0 0 1 0 
NOP 0 0 1 0 1 1 0 0 1 1 
ORS 0 0 1 0 1 0 0 1 0 0 
PUD 0 0 1 0 1 0 1 0 0 0 
RSF 0 0 1 0 1 0 1 1 0 0 
RVC 0 0 1 0 1 0 0 0 1 0 
SAB 0 0 1 0 0 1 0 0 1 0 
SHk 0 0 1 0 1 0 0 1 0 0 
SMB 0 0 1 0 1 0 1 1 0 0 
STB 0 1 0 0 1 1 0 0 0 
THS 0 1 0 1 0 1 0 0 0 
ULL 0 0 1 0 1 0 0 0 1 0 
WAE 0 0 1 0 0 1 0 0 1 1 
WAM 0 0 1 0 1 0 1 0 0 0 
WHB 0 0 1 0 0 1 1 0 0 0 
WHC 0 0 1 0 0 1 1 0 0 0 
WHS 0 0 1 0 1 0 0 0 1 0 
YEB 0 0 1 0 1 0 0 1 0 0 
YEP 0 1 0 0 0 1 0 0 1 1 
YLB 0 0 1 0 0 1 1 0 0 0 
120 
Table A4. Life history data for characters G (spawning season), H (spawning period 
duration), I (water circulation), and J (nest depth) of guild analysis (see 
Table 2 for detailed description). 
Character G Character H _L Character T 
Species 42 43 44 45 46 47 48 49 50 51 52 
LMB 0 1 0 0 1 0 1 1 0 
BLG 0 1 0 0 0 1 1 1 0 
GZS 0 1 0 0 1 0 0 1 0 
CAP 0 1 0 0 1 0 0 1 0 
BGB 0 0 0 1 0 0 0 0 0 
BLB 0 1 0 0 1 0 1 1 0 
BLC 0 0 0 0 1 0 1 1 0 
BLS 0 1 0 0 0 1 1 0 0 
BOW 0 0 0 1 0 0 1 1 0 
BRB 0 0 0 1 0 0 1 0 0 
BRS 0 1 0 0 1 0 0 0 0 
CCF 0 1 0 0 0 1 1 1 0 
EMS 0 0 0 0 1 0 0 1 1 
FCF 0 1 0 1 0 0 1 1 0 
FHM 0 1 0 0 1 0 0 0 0 
FRD 0 1 0 0 1 0 0 0 1 
GOF 0 1 0 0 1 0 0 0 0 
GOR 0 0 0 1 0 0 0 0 0 
GOS 0 1 0 0 1 0 0 1 0 
GRP 1 0 0 1 0 0 0 0 0 
GSF 0 1 0 0 1 0 1 0 0 
LOS 0 1 0 0 1 0 1 1 0 
MUE 0 0 0 1 0 0 0 0 0 
NOP 1 0 0 1 0 0 0 0 0 
ORS 0 1 0 0 1 0 1 0 0 
PUD 0 1 0 0 0 1 1 0 0 
RSF 0 0 0 1 0 0 1 1 0 
RVC 0 1 0 0 1 0 0 0 
SAB 0 1 0 0 1 0 0 1 1 
SHR 0 0 0 1 0 0 0 0 
SMB 0 0 0 1 0 0 1 1 0 
STB 0 0 0 1 0 0 0 1 0 
THS 0 1 0 0 1 0 0 1 1 
ULL 0 1 0 0 1 0 0 1 0 
WAE 1 0 0 1 0 0 0 1 0 
WAM 0 1 0 0 1 0 1 0 
WHB 0 0 0 1 0 0 0 1 0 
WHC 0 0 0 1 0 0 1 1 1 
WHS 1 0 0 1 0 0 0 0 
YEB 0 0 0 1 0 0 1 1 0 
YEP 0 0 0 1 0 0 0 1 0 
YLB 0 0 0 1 0 0 0 0 0 
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Table A5. Life history data for characters K (larval trophic class), and L (juvenile 
trophic class) of guild analysis (see Table 2 for detailed description). 
Character K Character L 
Species 53 54 55 56 57 58 59 60 61 62 63 64 65 66 
LMB 0 0 0 0 0 1 0 0 0 1 0 1 1 0 
BLG 0 0 0 0 0 1 0 0 0 1 0 0 1 0 
GZS 0 0 0 0 0 1 0 0 0 0 0 0 1 0 
CAP 0 0 0 0 0 1 0 0 0 0 1 0 1 1 
BGB 0 0 0 1 0 1 0 0 0 0 1 0 1 1 
BLB 0 0 0 1 0 1 0 0 0 0 1 0 1 0 
BLC 0 0 0 0 0 1 0 0 0 1 0 1 0 
BLS 1 0 0 1 0 0 0 1 0 0 1 0 0 0 
BOW 0 0 1 1 0 1 0 0 0 1 1 0 1 0 
BRB 0 0 0 1 0 1 0 0 1 1 1 0 1 0 
BRS 0 0 0 0 0 1 0 0 0 0 0 1 0 
CCF 0 0 1 1 0 1 0 0 0 1 1 0 0 0 
EMS 0 0 0 0 0 1 0 0 0 1 0 1 0 
FCF 0 0 0 1 0 0 0 0 0 0 1 1 0 1 
FHM 0 1 0 0 0 1 0 1 0 0 1 0 1 0 
FRD 0 0 0 0 0 1 0 0 0 0 1 0 0 0 
GOF 0 0 0 0 0 1 0 1 1 1 1 0 I 1 
GOR 0 0 0 1 0 1 0 1 0 0 1 0 0 1 
GOS 0 1 0 0 0 1 0 0 1 1 0 0 1 0 
GRP 0 0 1 0 0 1 0 0 0 1 0 1 1 0 
GSF 0 0 0 0 0 1 0 0 0 1 0 0 0 1 
LOS 0 0 0 0 0 1 0 0 0 1 0 0 1 0 
MUE 0 0 0 0 0 1 0 0 0 0 0 1 0 0 
NOP 0 0 1 0 0 1 0 0 0 0 0 1 0 0 
ORS 0 0 0 0 0 1 0 0 0 1 1 0 1 0 
PUD 0 0 0 1 0 1 0 0 0 1 1 0 1 0 
RSF 0 0 0 0 0 1 0 0 0 0 1 0 1 0 
RVC 0 1 0 1 0 0 0 1 0 0 1 0 0 0 
SAB 0 0 0 1 0 0 0 1 0 0 1 0 0 0 
SHR 0 0 0 1 0 1 0 0 0 0 1 0 0 0 
SMB 0 0 0 0 0 1 0 0 0 1 0 1 1 0 
STB 0 0 0 0 0 1 0 0 0 0 0 1 1 0 
THS 0 0 0 0 0 1 0 0 0 0 0 0 1 0 
ULL 0 0 0 1 0 0 0 0 0 0 1 0 0 0 
WAE 0 0 1 0 0 1 0 0 0 1 0 1 1 0 
WAM 0 0 0 0 0 1 0 0 0 1 0 0 1 1 
WHB 0 0 1 0 0 1 0 0 0 1 0 0 1 0 
WHC 0 0 0 0 0 1 0 0 0 1 0 0 1 0 
WHS 0 0 0 0 0 1 0 1 0 0 1 0 0 0 
YEB 0 0 0 1 0 1 0 0 0 0 1 0 0 1 
YEP 0 0 0 0 0 1 0 0 0 0 1 0 1 0 
YLB 0 0 0 0 0 1 0 0 0 1 0 0 1 0 
Table A6. Life history data for characters M (adult trophic class), and N (weight 
at maturity) of guild analysis (see Table 2 for detailed description). 
Character M Character N 
Species 67 68 69 70 71 72 73 74 75 76 77 
LMB 0 0 0 0 1 0 1 0 0 1 0 
BLG 0 0 1 0 1 1 1 0 1 0 0 
GZS 1 1 0 0 0 1 0 0 0 1 0 
CAP 0 1 1 1 0 0 1 0 0 0 1 
BGB 0 0 0 1 0 1 1 0 0 0 1 
BLB 1 1 0 1 1 0 1 0 0 1 0 
BLC 0 0 1 0 1 1 0 0 0 1 0 
BLS 1 0 0 1 0 0 0 1 0 0 0 
BOW 0 0 0 0 1 0 1 0 0 0 1 
BRB 0 1 0 1 1 0 1 0 0 1 0 
BRS 0 0 1 0 0 1 0 1 0 0 0 
CCF 0 0 0 1 1 0 1 0 0 0 1 
EMS 0 0 1 0 0 1 0 1 0 0 0 
FCF 0 0 0 0 1 0 1 0 0 0 1 
FHM 1 0 0 1 0 1 0 1 0 0 0 
FRD 1 0 0 1 0 0 0 0 0 1 0 
GOF 1 1 1 1 0 1 1 0 1 0 0 
GOR 1 0 0 1 0 0 1 0 0 1 1 
GOS 0 1 1 0 0 1 1 1 0 0 0 
GRP 0 0 0 0 1 0 1 0 1 0 0 
GSF 0 0 1 0 1 0 1 1 0 0 0 
LOS 0 0 1 0 0 1 1 1 0 0 0 
MUE 0 0 0 0 1 0 0 0 0 0 1 
NOP 0 0 0 0 1 0 0 0 0 0 1 
ORS 0 0 1 1 1 1 0 1 0 0 0 
PUD 0 0 1 1 0 0 1 1 0 0 0 
RSF 0 0 0 1 0 0 1 0 1 0 0 
RVC 1 1 0 1 0 0 1 0 0 1 0 
SAB 1 0 0 1 0 0 0 0 0 0 1 
SHR 0 0 0 1 0 0 0 0 0 0 1 
SMB 0 0 1 0 1 0 1 0 0 1 0 
STB 0 0 0 0 1 0 0 0 0 0 1 
THS 1 1 0 0 0 1 0 1 0 0 0 
ULL 1 1 0 1 0 0 1 0 0 0 1 
WAE 0 0 1 0 1 0 0 0 0 1 1 
WAM 0 0 1 0 1 0 1 1 0 0 0 
WHB 0 0 1 0 1 1 0 0 0 1 0 
WHC 0 0 1 0 1 0 0 0 1 1 0 
WHS 0 0 0 1 0 0 1 0 0 1 0 
YEB 0 1 0 1 1 0 1 0 0 1 0 
YEP 0 0 1 1 1 1 1 0 0 1 0 
YLB 0 0 1 0 1 1 0 0 0 1 0 
Table A7. Life history data for characters Q (juvenile habitat preference), and R (juvenile 
substrate association) of guild analysis (see Table 2 for detailed description). 
Character O Character R 
Species 91 92 93 94 95 96 97 98 99 100 101 102 103 
LMB 1 0 0 0 0 1 1 1 1 1 0 0 1 
BLG 1 0 0 0 0 1 1 1 1 1 1 1 1 
GZS 1 0 0 1 0 1 1 1 1 1 1 1 1 
CAP 0 1 0 0 0 1 1 1 1 1 0 0 1 
BGB 0 1 0 0 1 1 1 1 1 1 0 0 1 
BLB 0 1 1 0 0 1 1 1 1 1 0 0 1 
BLC 1 0 0 0 0 1 1 1 1 1 0 0 1 
BLS 0 1 0 0 0 1 1 1 1 1 1 1 
BOW 1 0 1 0 0 1 0 1 0 0 0 1 
BRB 0 1 1 0 0 1 1 1 1 1 0 0 1 
BRS 1 0 0 1 0 1 1 0 1 0 1 0 0 
CCF 0 1 0 0 0 0 1 1 1 1 1 0 0 
EMS 1 0 0 0 0 0 1 1 1 0 0 0 0 
FCF 0 1 0 0 0 0 1 0 1 0 0 0 0 
FHM 1 1 0 0 0 1 1 1 1 1 1 1 1 
FRD 0 0 0 0 1 1 1 1 1 0 0 0 0 
GOF 0 1 0 0 0 1 1 1 0 1 0 0 1 
GOR 0 1 0 0 1 1 0 1 0 1 1 0 
GOS 1 0 0 0 0 1 1 1 1 0 1 0 0 
GRP 1 0 1 0 0 1 1 1 1 1 1 0 1 
GSF 1 0 0 0 0 1 1 1 1 1 1 0 1 
LOS 1 0 0 0 0 1 1 0 1 0 1 0 1 
MUE 1 0 0 0 0 0 0 0 0 1 
NOP 1 0 0 0 0 1 1 1 1 1 0 0 1 
ORS 0 1 1 0 0 1 1 1 1 0 0 0 0 
PUD 1 0 0 0 0 1 1 0 1 0 0 1 
RSF 1 1 0 0 0 1 1 1 0 1 0 0 1 
RVC 0 1 0 0 0 1 1 1 0 0 0 1 
SAB 0 1 0 1 0 1 1 1 0 0 0 0 1 
SHR 0 1 0 0 1 1 1 0 1 0 1 0 0 
SMB 1 0 0 0 0 1 0 1 0 1 1 0 
STB 1 0 0 1 0 1 1 1 1 0 1 0 0 
THS 1 0 0 1 0 1 1 1 1 1 0 0 1 
ULL 0 1 0 0 1 1 1 1 1 1 1 0 0 
WAE 0 1 0 0 0 1 1 1 1 1 1 0 1 
WAM 1 0 0 0 0 1 1 1 1 1 1 0 1 
WHB 1 0 0 1 0 1 0 1 0 1 1 0 
WHC 0 0 0 1 0 1 1 1 1 1 1 0 1 
WHS 0 1 0 0 1 1 1 0 1 0 0 0 
YEB 0 1 0 0 0 1 1 1 1 1 1 0 1 
YEP 1 0 0 0 0 1 1 0 1 0 0 0 1 
VLB 0 0 0 1 0 1 1 1 1 0 1 0 0 
Table A8. Life history data for characters S (adult habitat preference), and R (adult 
substrate association) of guild analysis (see Table 2 for detailed description). 
Character S Character T 
Species 104 105 106 107 108 109 110 111 112 113 114 115 116 
LMB 1 0 0 0 0 1 1 1 1 1 0 0 1 
BLG 1 0 0 0 0 1 1 1 1 1 1 1 1 
GZS 1 1 0 1 1 1 1 1 1 1 1 1 1 
CAP 0 1 0 0 0 1 1 1 1 1 0 0 1 
BGB 1 1 0 1 1 1 1 1 1 1 0 0 1 
BLB 0 1 1 0 0 1 1 1 1 1 0 0 1 
BLC 1 0 0 1 0 1 1 1 1 1 0 0 1 
BLS 0 1 0 0 0 1 1 1 1 1 1 1 
BOW 1 0 1 0 1 1 0 1 0 0 0 1 
BRB 0 1 1 0 0 1 1 1 1 1 0 0 1 
BRS 1 0 0 0 0 1 1 0 1 0 0 0 0 
CCF 0 0 0 0 1 0 1 1 1 1 1 0 0 
EMS 1 0 0 0 0 0 1 1 1 0 0 0 0 
FCF 0 1 0 0 1 0 1 0 1 0 0 0 0 
FHM 1 1 0 0 0 1 1 1 1 1 1 1 1 
FRD 0 0 0 0 1 1 1 1 1 0 0 0 0 
COF 1 0 0 0 0 1 1 1 0 1 0 0 1 
COR 0 1 0 0 1 1 0 1 0 1 1 0 
COS 1 0 0 0 0 1 1 1 1 0 1 0 0 
GRP 1 0 1 0 0 1 1 1 1 1 1 0 1 
GSF 1 0 0 0 0 1 1 1 1 1 1 0 1 
LOS 1 0 0 0 0 1 1 0 1 0 1 0 1 
MUE 1 0 0 0 0 0 0 0 0 1 
NOP 1 0 0 0 0 1 1 1 1 1 0 0 1 
ORS 1 0 1 0 0 1 1 1 1 0 0 0 0 
PUD 1 0 0 0 0 1 1 0 0 1 0 0 1 
RSF 1 1 0 0 0 1 1 1 0 1 0 0 1 
RVC 0 1 0 0 1 1 1 1 0 0 0 1 
SAB 0 1 0 0 1 1 1 1 0 0 0 0 1 
SHR 0 1 0 0 1 1 1 0 1 0 1 0 0 
SMB 1 0 0 0 0 1 0 1 1 0 
STB 1 0 0 1 0 1 1 1 1 0 1 0 0 
THS 0 0 0 1 0 1 1 1 1 1 0 1 
ULL 0 1 0 0 1 1 1 1 1 1 1 0 0 
WAE 1 1 0 0 1 1 1 1 1 1 1 1 1 
WAM 1 0 0 0 0 1 1 1 1 1 1 0 1 
WHB 0 0 0 1 0 1 0 1 0 1 1 0 
WHC 1 0 0 1 0 1 1 1 1 0 1 0 1 
WHS 0 1 0 0 1 1 1 1 1 1 1 0 0 
YEB 0 1 0 0 0 1 1 1 1 1 1 0 1 
YEP 0 0 0 1 0 1 1 0 1 0 0 0 1 
YLB 0 0 0 1 0 1 1 1 1 0 1 0 0 
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Table A9. Life history data for characters U (turbidity tolerance), and V (low DO 
tolerance) of guild analysis (see Table 2 for detailed description). 
Character U Character V 
Species 117 118 119 120 121 122 
LMB 0 1 0 1 0 0 
BLG 0 1 0 0 0 1 
GZS 0 0 1 0 1 0 
CAP 0 0 1 0 0 1 
BGB 0 0 1 0 1 0 
BLB 0 0 1 0 0 1 
BLC 1 0 0 0 1 0 
BLS 0 1 0 0 1 0 
BOW 0 1 0 0 0 1 
BRB 0 0 1 0 0 1 
BRS 1 0 0 1 0 0 
CCF 0 0 1 0 0 1 
EMS 0 0 1 0 1 0 
FCF 0 0 1 0 0 1 
FHM 0 0 1 0 0 1 
FRD 0 0 1 0 1 0 
GOF 0 0 1 0 0 1 
GOR 0 1 0 0 1 0 
GOS 0 1 0 0 0 1 
GRP 0 0 1 0 0 1 
GSF 0 0 1 0 0 1 
LOS 1 0 0 0 1 0 
MUE 1 0 0 0 0 1 
NOP 0 1 0 0 0 1 
ORS 0 0 1 0 0 1 
PUD 1 0 0 0 0 1 
RSF 0 0 1 0 1 0 
RVC 0 0 1 0 0 1 
SAB 1 1 0 0 1 0 
SHR 0 1 0 0 1 0 
SMB 0 1 0 1 0 0 
STB 0 0 1 0 1 0 
THS 0 0 1 0 1 0 
ULL 0 0 1 0 1 0 
WAE 0 0 1 0 1 0 
WAM 0 0 1 0 1 0 
WHB 1 0 0 0 1 0 
WHC 0 0 1 0 1 0 
WHS 0 0 1 0 0 1 
YEB 0 1 0 0 0 1 
YEP 1 0 0 1 0 0 
VLB 0 1 0 0 1 0 
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SECTION III 
CLASSIFICATION OF ILLINOIS LAKES AND IMPOUNDMENTS 
127 
INTRODUCTION 
Illinois spans 652 km (405 miles) from north to south and has a growing 
season of 140 days in the northwest and 210 days in the south. The state is 
bordered and transected by major rivers and encompasses parts of diverse 
physiographic regions such as the Wisconsin Driftless Area, large expanses of 
glaciated terrain, and the most northern extension of the coastal plain 
physiographic division. Superimposed on this are various types of land-use 
such as agriculture, forest, and urban, which often reflect the physiographic 
regions, but also may greatly modify them. The lakes formed in these areas, 
either naturally or man-made, display the characteristics of the land upon which 
they lay and, thus, are diverse in nature. Therefore, as an integral part of 
explaining the nature of the fish communities in these lakes one must describe 
the physico-chemical conditions of the lakes themselves; their origin, 
morphometry, and water chemistry; in total, the support systems upon which 
the ecosystem is based. 
Illinois has 85,305 lakes or ponds with 2,940 of these having surface area 
greater than 2.43 ha (6 acres) OEPA1990). For a study of lake fish assemblages, 
145 lakes were selected based on inclusion in the Fisheries Analysis System 
(FAS; Bayley and Austen 1989) database by the Illinois Department of 
Conservation (IDOC) district fisheries managers. These lakes represent all areas 
of the state (Figure 1; Appendix A) and vary widely in morphometry and 
limnology (see discussion below and Appendices B and C). For purposes of 
characterizing these lakes I collected data on various aspects of their limnology. 
These data are summarized in this chapter and methods of classifying and 
grouping similar lakes together are applied to the data. 
Lake Classification 
The purposes of lake classification are many: (1) groups of similar lakes can 
be managed in similar ways thus making the results of a study more 
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53# 
«M#eio 
Lake County, note that the Fox 
Chain (#32) consists of lakes 
10,16,33,41,55,64,107,110. 
Figure 1. Locations of Illinois lakes as referenced by number in Appendix la. 
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utilitarian, (2) if similar lakes can be considered "replicates" we can set up 
"natural experiments" to investigate such issues as fish stocking success or 
management regulations, (3) the process of classification forces one to delineate 
the important factors that characterize a lake from redundant variables or ones 
that contain little information (e.g., those that vary little from lake to lake). 
The first use of trophic classification by Naumarm (1919) introduced the 
concepts of oligotrophy and eutrophy. This was elaborated on by Strom (1930) 
with the inclusion of humic content and calcium to create eight categories of 
lakes. A classification scheme based on mixing was proposed by Hutchinson 
and Loffler (1956) and revised by Lewis (1983). Under this system, most Illinois 
lakes would be classified as dimictic or either continuous or discontinuous cold 
polymictic. General classifications of lakes have been attempted by Rawson 
(1956), Larkin (1958), Pennak (1958), and Zafar (1959), while fisheries oriented 
classifications have been attempted by Jenkins (1967) and Hill (1984), among 
others. A general review and an approach to classification of lakes was 
presented by Sheldon (1972). Furthermore, since the advent of state Clean Lakes 
programs resulting from the 1977 Clean Water Act, there have been numerous 
attempts to classify lakes in an effort to prioritize lake clean-up efforts (e.g. 
Boland et al. 1979; Sefton and Little 1984). Each classification scheme 
emphasizes different aspects of the lake environment depending upon the 
intended use of the classification system. In fact, there is not, and probably will 
not be, a universal classification system that will be useful for all situations 
(Sheldon 1972). However, there are certain criteria that differentiate a good 
system from a less useful one. 
Foremost in evaluation of a classification system would be theoretical 
justification for that particular classification and for the variables selected as 
inputs into the classification (Sheldon 1972). Unfortunately, for many ecological 
problems a theoretical basis has not been sufficiently developed and one must 
settle for subjective goals such as "utility" or "goodness". However, the 
robustness of a classification scheme can be somewhat arbitrarily assessed by 
agreement between several different classification systems when applied to the 
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same data set; a good classification scheme is one that will be derived when the 
same data set is analyzed with several different techniques. 
Variables Used in Classification 
Because there are, for all practical purposes, an unlimited suite of variables 
that could be used as inputs into a lake classification system, there should be a 
rational reason for inclusion of a variable into the classification process. Again, 
ecological theory may dictate that some are necessary while others may be 
selected on the basis of empirically derived, but not theoretically based 
relationships. 
Both ecological theory and empirical data support the relationship between 
size of habitat and species diversity (Eadie et al. 1986; Wright 1988; Minns 1989). 
This can be described in lakes by surface area, shoreline length, shoreline 
development index, watershed area, volume, and location of the lake in the 
drainage basin as indicated by order of the outflowing stream. Typically, there is 
a direct relationship between habitat size and fish species diversity. Fish species 
diversity and productivity have been inversely associated with mean depth 
(Rawson 1952; Ryder 1965; Ryder et al. 1974; Matuszek 1978; Hanson and Leggett 
1982; Ryder 1982). Retention time has been positively related to fish standing 
crop (Jenkins 1976; Aggus and Lewis 1978). The age of a lake has also been found 
to influence fish yield (Jenkins and Morais 1971). 
Among water chemistry variables, total dissolved solids, particularly in 
reference to the morphoedaphic index, has been related to fish yield (Matuszek 
1978; Hanson and Leggett 1982; Prepas 1983), as have alkalinity (Carlander 1955), 
Secchi disk depth (Schneider 1978), total phosphorus (Hanson and Leggett 1982; 
Jones and Hoyer 1982), and chlorophyll-a (Jones and Hoyer 1982). Climatic 
conditions, particularly length of growing season, have been related to potential 
yield (Jenkins and Morais 1971; Schlesinger and Regier 1982,1983). For 
impoundments and lakes, Carline (1986) reviewed the major variables that 
affect standing stock and yield of fishes. Of the 19 variables that Carline found to 
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be influential, the most frequently cited were mean depth, morphoedaphic 
index (MEI), surface area, benthic biomass, length of growing season, and total 
dissolved solids. 
From Carline's review and the references above, variables were selected 
that were thought to be influential in determining community structure and 
that were relatively easily obtained. These variables were assessed for 
redundancy using principal components analysis, and a subset was selected for 
cluster analysis. This produced groups of lakes characterized by similarity in the 
major factors thought to influence both the type of fish community present and 
the levels of abundance expected of that community. Ordination techniques 
were then used to detect major environmental gradients underlying the 
classification system. The utility of this classification was then compared to that 
of other systems. 
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METHODS 
Lake Morphometry 
For each lake an attempt was made to obtain either a recent hydrographie 
map or a pre-impoundment topographic map of the basin. In general, 
pre-impoundment maps were obtainable for power plant lakes and 
impoundments created since about 1970. In addition, agencies such as the 
Illinois State Water Survey (ISWS) and the Lake County Health Department 
have mapped lakes. If the map was over 20 years old, I generally visited the lake 
and assessed it for evidence of significant siltation. If this was the case I 
re-mapped sections of the lake, such as the upper end and coves with visible 
inflowing streams. 
In some cases, original mapping was necessary. This proceeded as follows: 
(1) an outline of the shoreline was obtained either from aerial photographs or 
from United States Geological Survey (USGS) 7.5' topographic maps, (2) using a 
graphing sonar (Si-Tek HE-357 or Eagle Mach 1) straight, constant speed transects 
were made between known points on the shoreline of the lake; the number of 
transects would depend upon the complexity of the bottom contours, (3) the 
sonar strip chart of the transects was interpreted and drawn onto an enlarged 
copy of the lake outline, (4) contours were hand drawn on the map, (5) all maps 
were then either digitized or scanned and entered into the ARC/INFO 
geographic information system (GIS) operated by the Illinois Natural History 
Survey, (6) coverages were then converted into Lambert feet coordinates by 
locating the map on a 7.5' USGS topographic map and digitizing reference 
points both on the map and on the quadrangle for which we had known 
Lambert feet coordinates, (7) depths were assigned to the contours, and the GIS 
gave length of each contour and areas between adjacent contour lines. From 
these data I calculated surface area, maximum depth, and shoreline length. All 
GIS data were stored in English units and, where necessary, were converted to 
metric equivalents. Volume, shoreline development index (SDI), and mean 
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depth (z) were calculated by the formulas in Wetzel (1975): 
(1) V = Xi=l to n [h/3 (Ai + A2 + V(Ai + A2))] 
where: V = volume (ft3) 
h = vertical depth of the stratum (ft) 
n = number of depth stratum 
Ai = area at depth 1 (ft2) 
A2 = area at depth 2 (ft2) 
L 
(2) SDI = 
2 V(7C * Ao) 
where: L = length of shoreline (m) 
Ao = surface area of lake (m2) 
(3) z = V/Ao 
where: z = mean depth (m) 
V = volume (m3) 
Ao = area (m^) 
(4) Dv = 3Mz/zm) 
where: 
(Cole 1979) 
Dy = volume development 
z = mean depth (m) 
Zm = maximum depth (m) 
Watershed area was taken from literature sources or calculated from USGS 
maps. Retention time is typically calculated as lake volume divided by annual 
outflow. Because annual outflow was rarely available the retention time for 
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each lake was taken from lEPA (1978a) when available. Otherwise it was 
calculated by: 
storage capacity (m3) 
Retention time (years) = 
annual runoff (m^/y) 
where: storage capacity is the amount of water that the lake holds. 
Armual runoff was taken from figure 5 in lEPA (1978) (in inches 
per square mile per year). This was converted to cubic 
meters of runoff per year for the watershed. 
The maximum depth of macrophyte colonization was used as an indicator of 
littoral zone depth and was estimated from the formula given in Chambers and 
Kalff (1985): 
(5) Zc = [1.331ogio(D) + 1.40]2 
where: Zc = maximum depth of macrophyte colonization (m) 
D = Secchi disk depth (m) 
Percentage of lake surface area that is within the littoral zone and the percentage 
of the lake volume in the stratum from the surface to the depth of the littoral 
zone were calculated. To calculate these statistics I plotted a curve for each lake 
showing depth (m) on the x-axis. On the y-axis I plotted (1) the percentage of 
lake surface area that is above substrate that extends from the shore down to 
each depth contour and (2) the percentage of lake volume in the stratum 
defined from the lake surface to each successive depth contour (see Figure 2 for 
example). From these curves and the calculated Zc, I estimated the actual 
percentage area and the volume of the lake within the littoral zone. 
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Figure 2. Example of relationship between depth and percentage of surface 
area found above substrate down to that depth (squares) and 
volume in the stratum between surface and that depth. Data 
is from Mill Creek Lake, IL. 
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Water Chemistry 
Data on four variables were collected; Secchi disk depth, conductivity, pH, 
and alkalinity. As with the lake mapping data, I first located water chemistry 
data collected by other agencies, particularly the lEPA. Where possible I acquired 
their data and calculated average values from collections in July or August. 
When not available, I measured these directly as follows: (1) Secchi disk depth 
was measured during mid-day on the shady side of the boat using a standard 20 
cm black and white disk, with depth recorded as the average of depth where disk 
fades from visibility when lowered and when it appears upon being raised, (2) 
conductivity was measured at 0.5 m depth using a Hanna Instruments HI 8633 
conductivity meter, (3) pH was measured using a Cole-Parmer model 5985-80 
Digi-sense pH meter, (4) total alkalinity was measured by add titration to pH 4.5 
using 0.02N H2SO4 with alkalinity being equal to the number of ml of acid used. 
Water samples for pH and alkalinity analysis were taken at 0.5 m depth, chilled, 
and analyzed that evening in the laboratory. 
Weather Data 
One hundred and seventy-five weather reporting stations located 
throughout Illinois collect data for the Midwest Climate Information System 
(MICIS) database. Latitude and longitude for each weather station in MICIS and 
lakes in the FAS database were determined. By finding the smallest Euclidean 
distance between each combination of station and lake, the stations were paired 
with the individual lakes. From each weather reporting station I obtained two 
statistics describing gross temperature conditions. Cooling degree days (also 
called growing degree days) is the sum over a year of the difference between the 
average daily temperature and a base temperature of 50® R Length of growing 
season is the number of days between the last day in the spring with a 32® F low 
and the first day in the fall with a 32° F low (Appendix C ). Both statistics were 
calculated as the mean value over the period from 1948 to 1990. 
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Missing Data 
Due to unforseen circumstances data were not available for all variables for 
all lakes. Missing data were treated in the following ways: (1) pH (14 lakes) -
there were no good predictors of pH, so I used the overall mean pH (8.17, 
n=132), (2) alkalinity (3 lakes) - due to obvious north-south gradients in 
alkalinity, I used the average alkalinity values for the five nearest lakes, (3) 
conductivity (5 lakes) - linear regression was used to estimate conductivity from 
alkalinity: 
loge conductivity = 5.25 + 0.005 (total alkalinity) (n=140; r=0.547; P<0.001) 
(4) Secchi disk depth (6 lakes) - estimated using linear regression with 
retention time: 
loge Secchi disk depth (cm) = 4.424 + 0.17 (loge retention time) 
(n=139, r=0.417, P<0.001 ) 
Statistical Analysis 
All variables were plotted as histograms and assessed for normality using 
Lilliefor's test (Lilliefor 1967) and implemented in Systat (Wilkinson 1989). 
Where necessary, variables were transformed using either natural log (surface 
area, shore length, watershed, volume, retention time, age, conductivity, Secchi 
disk depth, and SDI) or, for percent surface area and volume within the littoral 
zone, using the following transformation: 
transformed variable = loge VP -loge V(l-P) (Cox 1983, p. 16-5) 
where: P = variable as decimal percent 
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Because it was thought that many variables would be multicolinear, I 
determined correlation among variables using the Pearson product moment 
correlation coefficient. These values were then clustered using average linkage 
clustering to visually assess which variables were closely related. All data were 
then standardized and principal components analysis (PCA) was performed on 
all 18 variables. Varimax rotation was used to better interpret the factors. The 
components that best described the data were then chosen, PCA scores calculated 
by multiplying the factors by the standardized data matrix, and entered into a 
cluster program. Weighted Euclidean distance was used to calculate 
dissimilarity and the unweighted pair group method with arithmetic averaging 
(UPGMA) was used to form clusters. The dendrogram was then visually 
assessed to determine lake groups. Finally, to determine the major gradients 
that separate the lake groups I plotted each lake by its location on the first three 
principal component axes. 
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RESULTS 
The diversity of lakes in Illinois was evidenced by variation in the data 
(Appendices B and C, Table 1). Lake morphometry, water chemistry, and 
climatic conditions all varied greatly, but generally the limnological and climatic 
variables showed gradients at the statewide level while morphometry was 
locally variable. For example, alkalinity and growing season (or growing degree 
days) varied greatly on a north-south axis (Figures 3 and 4), while lake size 
varied locally but not in relation to any statewide gradient 
Numerous variables were intercorrelated (Table 2) and several of these 
grouped together when clustered (Figure 5). Most important were correlations 
of several variables that characterize lake size (e.g. volume, surface area, shore 
length, and watershed), littoral zone (e.g. percent of lake surface area and 
volume as littoral zone and Secchi depth), climate (growing season and cooling 
degree days), and depth (mean and maximum depth). Each of these groups of 
variables can be interpreted as measuring the same basic characteristic of the 
lakes. When principal components analysis was applied to the data set several 
of these variables were weighted similarly in the components (Table 3). In 
addition, the variance explained by the first five components was 76.7% 
indicating that they summarized the data moderately well. In an attempt to 
reduce complexity and better elucidate simple structure I applied varimax 
rotation to the factors (Table 4). By maximizing the variance of the squared 
loadings of each column, varimax rotation slightly reduced the percentage of 
variance explained, but made the components more easily interpretable 
(Legendre and Legendre 1983). 
Components related to lake size, as indicated by the first principal 
component (PC), were the dominant factor in the analysis. Those of the next 
four PC's all explained decreasing amounts of variation. These axes could be 
termed (2) climate-alkalinity, (3) retention time-depth, and (4) littoral zone 
percentage, and (5) pH. The fact that climate and alkalinity are associated in the 
same factor does not infer a cause-and-effect relationship between these 
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Table 1. Descriptive statistics of several characters for Illinois lakes. 
Standard Standard 
Character N Mean Min. Max. deviation error 
Surface area (ha) 145 319.1 1.3 9947,5 1120.18 93.03 
Max. depth (m) 145 8.36 1.52 24.69 4.48 0.37 
Mean depth (m) 145 3.14 0.41 9.60 1.47 0.12 
Shore length (km) 145 20.10 0.73 276.75 38.33 3.18 
SDI 145 3.68 1.10 14.22 2.56 0.21 
Dv 145 1.20 0.32 2.49 0.342 0.028 
Watershed (ha) 145 14816 10.00 694120 71038 5899.44 
Retention time (y) 145 2.27 0.002 44.942 4.85 0.40 
Volume (m3) 145 11986 39.2 385284 47331 3930.67 
Age (to 1988) a 122 38.25 7 128 23.58 2.13 
Secchi depth (cm) 139 102.76 12.70 792.48 99.54 8.44 
Conductivity 
(umhos/cm) 
140 460.8 47 1829 271.58 . 22.95 
PH 131 8.17 5.8 9.83 0.62 0.05 
Total alkalinity 
(mg/1 CaCOa) 
142 138 20 298 59.35 4.98 
Pet. vol. littoral 143 0.45 0.03 1.00 0.228 0.019 
Pet. area littoral 143 0.335 0.02 1.00 0.229 0.019 
Growing season (d) 145 176.2 152 206 13.83 1.15 
Growing degree 
days (50°F base) 
145 3416 2618 4330 515.7 42.8 
a age was the actual age for all artificial lakes. For natural lakes, I used the age 
of the oldest artificial lake (118 years) plus 10 year. 
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Total Alkalinity 
• 20.00 to 47.80 
H 47.80 
M 75.60 
M 103.40 
M 131-20 
H 159.00 
a 186.80 
• 214.60 
• 242.40 
• 270.20 
to 75.60 
to 103.40 
to 131.20 
to 159.00 
to 186.80 
to 214.60 
to 242.40 
to 270.20 
to 298.00 
Figure 3. Total alkalinity (mg/1 CaC03) for Illinois lakes. Size of circle 
and shading indicate alkalinity (larger and darker indicate 
higher alkalinity). 
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Growing Season (days) 
H 152.00 to 157.40 
1157.40 
[162.80 
j 168.20 
[173.60 
1179.00 
i 184.40 
1189.80 
1195.20 
1200.60 
to 162.80 
to 168.20 
to 173.60 
to 179.00 
to 184.40 
to 189.80 
to 195.20 
to 200.60 
to 206.00 
Figure 4. Length of growing season (days) for Illinois lakes. Longer 
growing seasons are indicated by larger and darker drdes. 
Table 2. Matrix of Pearson correlation coefficients between limnological variables measured on lakes in 
Illinois. All values underlined are significant at the P< 0.01 level. Details of measurement and 
interpretation of variables are described in the text. 
Loge Loge Loge Loge Pet. 
Max. Mean Total Surf. Shore Water Loge Grow. Reten. Pet. Surf. Loge Loge Loge 
Depth Depth Dy pH Alk. Area Length Shed Volume CDD Seas. Time Vol. Area Age Cond. Secchi 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) 
1. 1.000 
2. 0.768 1.000 
3. -0.485 0.060 1.000 
4. 0.089 0.051 -0.090 1.000 
5. -0.106 -0.151 -0.062 -0.132 1.000 
6. 0.495 0259 -0385 0.142 0.015 1.000 
7. 0514 0350 -0366 0.120 -0.097 0.906 1.000 
8. 0.224 0.162 -0215 0.127 -0.053 0.723 0.749 1.000 
9. 0.631 0.461 -0367 0.116 -0.042 0.940 0390 0.681 1.000 
10. -0.006 0.077 0.146 -0.155 -0555 0.012 0.196 0.187 0.059 1.000 
11. 0.029 0.120 0.158 -0.048 -0592 -0.025 0.163 0.199 0.035 0.907 1.000 
12. 0389 0332 -0.040 -0.080 -0.160 -0.085 -0.125 -0.445 0.048 -0.118 -0.089 1.000 
13. -0.297 -0323 0.056 -0.134 0263 -0.407 -0.425 -0.453 -0.452 -0292 -0.258 0.190 1.000 
14. -0.100 -0.199 -0233 -0.057 0.182 -0273 -0.248 -0310 -0290 -02Ç9 -9255 0.198 9871 1.000 
15. -0.225 0.151 0.149 0.087 -0.170 -0309 •0.117 -9.245 -9.2?? -92^9 -0.082 0.167 0.173 1.000 
16. 0.136 -0.090 -0263 0.109 0525 0.142 0.064 -0.107 0.027 -0513 -0.492 0.121 0.289 0.302 0.075 1.000 
17. 0305 0365 -0.058 -0.130 0.106 -0.239 -0.178 -0386 -0.107 -0234 -0.173 0.505 0.645 0.684 -0.046 0.253 1.000 
18.» 0386 0361 -0251 0.074 -0.220 0536 0.837 0573 0574 0358 0.338 -0.152 -0.342 -0.147 -0388 -0.044 -0.056 
* Row 18 is Loge SDI 
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D v .  
Growseason 
Growing degree days 
loge watershed 
loge shore length 
loge hectares 
loge volume 
loge SDI 
Max. depth 
Mean depth 
loge retention 
loge Secchi 
Pet. surf, littoral 
Pet. vol. littoral 
loge conductivity 
Total alkalinity 
loge age 
PH 
Figure 5. Dendrogram resulting from cluster analysis of 18 
limnological variables. Average linkage cluster method 
with correlation coefficient used as distance measure. 
145 
Table 3. Results of principal components analysis of 18 variables describing 
Illinois impoundments. 
Principal component loadings 
1 2 3 4 5 
Maximum depth 0.575 0.494 0.491 -0.182 -0.122 
Mean depth 0.463 0.251 0.589 -0.398 -0.043 
D, -0.258 -0.430 0.024 -0.442 0.194 
pH 0.096 0.104 -0.198 -0.007 -0.806 
Total alkalinity -0.277 0.548 -0.413 -0.143 0.441 
Loge hectares 0.812 0.344 -0.247 0.124 -0.015 
Loge shore length 0.893 0.282 -0.101 0.234 0.049 
Loge watershed 0.778 0.062 -0.373 0.213 0.039 
Loge volume 0.866 0.349 -0.051 0.013 -0.002 
Growing degree days 0.425 -0.704 0.310 0.277 0.106 
Growing season 0.411 -0.677 0.345 0.292 0.012 
Loge retention time -0.102 0.308 0.645 -0.287 -0.127 
Pet. vol. as littoral -0.723 0.273 0.167 0.527 0.050 
Pet. surf, area ILittoral -0.604 0.347 0.189 0.648 -0.064 
Loge age -0.423 -0.010 -0.347 -0.003 -0.428 
Loge conductivity -0.185 0.688 -0.213 -0.095 0.115 
Loge secchi depth -0.416 0.455 0.645 0.214 0.049 
Loge SDI 0.734 0.106 0.123 0.306 0.102 
Latent roots 5.682 3.061 2.304 1.615 1.146 
(eigenvalues) 
Variance explained 5.682 3.061 2.304 1.615 1.146 
Percent of total 31.567 17.008 12.798 8.970 6.367 
variance explained 
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Table 4. Principal component scores rotated using varimax rotation. 
Varimax rotated principal component loadings 
1 2 3 4 5 
Maximum depth 0.506 0.034 0.777 0.047 -0.014 
Mean depth 0.224 -0.079 0.821 0.214 0.096 
Dv -0.545 -0.088 -0.035 0.368 0.208 
pH 0.132 -0.004 0.037 0.049 -0.829 
Total alkalinity 0.003 0.806 -0.183 -0.046 0.278 
Loge hectares 0.889 0.088 0.039 0.228 -0.053 
Loge shore length 0.952 -0.070 0.088 0.155 0.051 
Loge watershed 0.811 -0.083 -0.219 0.288 -0.010 
Loge volume 0.861 0.030 0.250 0.267 0.005 
Growing degree days 0.141 -0.871 -0.074 0.119 0.249 
Growing season 0.137 -0.883 -0.031 0.077 0.163 
Loge retention time -0.189 0.058 0.745 -0.159 -0.005 
Pet. vol. as littoral -0.318 0.192 -0.136 -0.865 0.032 
Pet. surf, area littoral -0.151 0.145 -0.101 -0.941 -0.071 
Loge age -0.305 0.192 -0.285 -0.076 -0.515 
Loge conductivity 0.109 0.727 0.077 -0.171 0.002 
Loge secchi depth -0.196 0.135 0.499 -0.720 0.142 
Loge SDI 0.745 -0.269 0.129 0.016 0.159 
1 2 3 4 5 
Variance explained 4.610 2.940 2.377 2.651 1.229 
by rotated comp. 
Percent of total 25.613 16.336 13.203 14.729 6.000 
variance explained 
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characteristics; instead it is a chance artifact of the geomorphological zones being 
oriented north-south. The rest of the components accounted for minor 
amounts of the variation and are disregarded in subsequent analysis. In 
addition, because the variance explained by the fifth principal component (pH) 
in the varimax rotation was substantially lower than the other components, it 
was ignored in further analysis. 
Because no factor dominated the analysis, one would expect that there 
would not be distinct separation of the lakes into categories. This was supported 
by the UPGMA cluster analysis of the four primary lake scores as output from 
the PCA (Figure 6). There were few clearly demarcated clusters of lakes and 
intergradation was common. A loose interpretation of the dendrogram resulted 
in the formation of 11 groups of lakes. These lake categories were plotted on 
combinations of the first 3 principal components to show separation between 
classes (Figure 7-9). Because only two axes are plotted per graph, overlap 
between the classes is exaggerated but some separation is still noticeable. By 
calculating mean values for the limnological variables, each of the 11 lake 
categories (Table 5) can be characterized as in Table 6. Obviously, not every lake 
in each category matches the description for that category, but the descriptions 
are only meant to generalize the relationships. When plotted by their locations 
in the state (Figure 10), the role of the north-south gradient in climate and 
alkalinity, as emphasized by the second PC, is apparent by the approximate 
geographic grouping of lakes. However, as can be expected, the other major 
components, lake size, depth, and percent littoral zone, play a major role in 
separating out the lakes on scales based on factors other than geology. 
Briefly, the lake categories can be described as follows (and Table 6): 
(A) These seven lakes are generally shallow, moderate sized lakes with small 
littoral zones and characterized by limited water transparency. Most often 
located in the central to south-central part of the state, these lakes are 
characterized by moderate climate and average alkalinity. 
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Figure 6. Cluster analysis endrogram of all lakes. Distance measure was average 
Euclidean distance, UPGMA was cluster method. 
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Figure 7. First and second axes of principal component analysis of 
limnological data (Table 4). Lake dass indicated by characters A-K. 
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Figure 9. Second(horizontal) and third (vertical) varimax rotated principal 
component analysis scores for Illinois lake limnological data with 
lakes plotted by their lake groups (see Figure 6). 
Table 5. Eleven lake groups as described in text and described here by the mean values of limnological and 
climatic conditions for 12 major variables that were identified from principal components analysis. 
The variables are grouped by their similarity as indicated by the PCA. 
Lake size variables Climate and north-south Depth-retention time Littoral 
gradient zone 
Lake 
group 
Surface 
area 
(ha) 
Shore 
length 
(kin) 
Water­
shed 
(ha) 
Volume 
(in 1000 
m3) 
Growing 
degree 
days 
Growing 
season 
(days) 
Total 
alk. 
(mg/1) 
Max. 
depth 
(m) 
Mean 
depth 
(m) 
Retent. 
time 
(years) 
Litt. zone 
percent 
Vol. Area 
A 124.8 7.2 14723 1566 3706 184 121 3.6 2.0 0.49 0.26 0.06 
B 121.0 15.4 3372.0 3934 3780 184 104 8.1 3.2 0.74 0.33 0.25 
C 31.1 43 319.6 683 3952 193 73 7.9 3.2 0.89 0.59 0.46 
D 13.0 2.0 157.8 1211 4170 196 83 6.4 2.9 2.36 0.31 0.18 
E 164.6 9.2 527.0 5588 3116 170 182 8.4 4.0 6.25 0.29 0.10 
F 49.0 5.5 1147.0 1420 2966 165 161 7.7 2.9 2.63 0.54 0.41 
G 545.2 59.3 4644.0 22203 3539 178 115 17.7 5.2 8.13 0.26 0.16 
H 3843.0 148.9 179785.0 165314 3801 189 122 12.2 3.8 0.62 0.30 0.24 
I 463.0 25.7 72732.0 7643 3088 167 231 5.4 1.6 0.02 0.42 0.30 
J 365 4.4 127.0 393 3048 166 179 4.9 1.8 2.95 0.97 0.92 
K 66.4 3.4 210.5 2918 2845 161 201 17.2 7.8 9.20 0.42 0.22 
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Table 6. Description of the eleven Illinois lake categories. 
Lake Typical lake Lake Climate/ Depth Littoral 
category size alkalinity zone size 
A Mt. Sterling Medium Moderate Shallow Small 
B Jacksonville Medium Moderate Medium Medium 
C Red Hills Small Warm/Low Medium Large 
D Feme Clyffe Small Warm/Low Shallow Small 
E Dresden Medium Mod./High Medium Small 
F Shabbona Small Cool/High Medium Medium 
G Mill Creek Large Moderate Deep Small 
H Sangchris Large Warm/Mod. Moderate Small 
I Pistakee Large Cool/High Shallow Medium 
J Saq Quarry Small Cool/High Shallow Large 
K Bangs Small Cool/High Deep Medium 
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See below 
for exploded 
view of Lake 
County 
Lake County 
Figure 10. Location of lakes as denoted by their categories. 
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(B) A large group (35) of medium sized lakes also centrally located, but 
somewhat deeper and with larger percent of the lake as littoral zone. 
Because of their location they are characterized by moderate climate and 
alkalinity. 
(C) This group includes 12 lakes with small surface area, but that are 
moderately deep in relation to their size. Southerly located, consequently 
with low alkalinity and long growing season, they are characterized by a 
large percent of the lake as littoral zone. 
(D) Four southern lakes that are small, relatively shallow, and with low 
alkalinity comprise this category. Three are located in the Shawnee Forest 
area while the fourth. Highland Old City Lake, is a 76 year-old water supply 
lake located in south-central Illinois. 
(E) This is a small group (7) of moderately sized, medium depth lakes 
with high alkalinity and small littoral zones. These lakes are scattered 
throughout the northern half of the state and include two power plant 
cooling lakes, Powerton and Dresden. 
(F) This is a large (40) and seemingly diverse group of small, medium 
depth, high alkalinity lakes located throughout the north half of Illinois. 
Most of the natural lakes in Lake County as well as several small 
impoundments and strip-mine lakes are included in this category. 
(G) Eleven large, deep, small littoral zone lakes located in the middle third of 
the state are grouped here. Six power-plant cooling lakes are placed here, 
but this is more a reflection of morphological similarity than due to heated 
discharge associated with power plants, because actual water temperature 
was not a variable used in the analysis. 
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(H) This group includes the three Corps of Engineers reservoirs (Illinois' three 
largest lakes), two large cooling lakes and two large water supply reservoirs -
all of which are large, moderately deep lakes with small littoral zones and 
generally southern in location. 
(I) Large, shallow lakes with high alkalinity and medium sized littoral zones 
make up this group of nine lakes. The natural lakes in the Fox Chain 
O'Lakes (Lake County) and several shallow water supply reservoirs in east-
central Illinois are grouped together here. 
(J) Eleven large, shallow, northern lakes with high alkalinity and large littoral 
zones comprise this group. The large littoral zones are indicative of 
generally clear water with several of these lakes (Big Lake, Pond 6, and 
Wilderness Lake) having the Secchi disk visible to the bottom. 
(K) Two small, clear, deep natural lakes with only a moderate percentage of the 
lake as littoral zone comprise this final category. Both lakes are located in 
north-east Illinois and have cool climate and high alkalinity. 
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DISCUSSION 
Approaches to Classification 
Carline (1986) suggested lake classification as one part of his three-step 
approach to the development of predictive indices of reservoir fish community 
structure. While there is no doubt that lakes can be classified, there remains the 
question of the relevance of the classification system. 
One approach to classification taken by several investigators (Echelle and 
Schnell 1976; Johnson et al. 1977; Tonn et al. 1983; Marshall and Ryan 1987; 
Dolman 1990) is to classify lakes based on fish community attributes and then 
relate the groups to environmental variables. For example. Dolman (1990) 
examined association among 20 fish species in 132 Texas reservoirs and 
identified five major groups of lakes. He then related the lake groups to 19 
envirorunental variables using canonical correlation analysis. The main 
drawback with this analytical process is that the lakes are classified on the basis 
of the fish community present at time of sampling rather than potential fish 
community. Given that reservoirs are man-made systems, the fish 
communities, even in similar lakes, can be of varying degree of development 
and are often dictated by stocking or other non-environmentally related factors. 
The actual fish community may be far from what is ecologically most 
reasonable. Therefore, unless one looks at a set of lakes which are at similar 
developmental stages the results of such a classification may be less than 
desirable. 
Alternatively, a classification of lakes based on environmental variables 
and independent of fish community data produces groups of lakes that are 
unique in terms of the environmental variables chosen. If the input variables 
are wisely selected, they will be known to have some effect on the fish 
community. Whether or not the the particular combination chosen is the most 
significant in its effect on fish community structure would have to be carefully 
assessed by comparisons with the fish community data and possibly refined if 
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the fit is not acceptable. The result, though, is a grouping of lakes whose 
members can be expected to exhibit tendencies towards similar fish 
communities. This leads to several possible applications: (1) If several lakes in a 
group possess a more complex fish community, such as a developed pelagic 
species group, it could be expected that other lakes in that group could be 
successfully stocked with those species, (2) Alternatively, if stocking a particular 
species is unsuccessful in lakes of a certain type, such a practice may be similarly 
unsuccessful in other lakes of that type, (3) Fish communities in a particular 
lake group may, on the average and over sufficient years, respond in a similar 
manner to gross changes in the environment. Thus several "key" lakes could 
be selected from each group and sampled more intensively as a means of 
monitoring environmental and fish community changes. The use of "key" 
indicators, though, is susceptible to abuse. Key species selected from animal 
guilds was suggested as a means of environmental monitoring (Severinghaus 
1981) but, in actuality, proved to be of little value (Vernor 1984; Szaro 1986). 
However, time constraints and sampling limitations may force fisheries 
managers to develop more efficient sampling strategies, and the use of indicator 
lakes may be one avenue worthy of more exploration. 
Selection of Variables 
The fact that Secchi disk depth was not chosen as a major classification 
variable here should not be construed to mean that it was not an important 
variable in the analysis. Two other variables, percent volume- and percent 
surface area as littoral zone were based on Secchi disk depth and were the main 
variables influencing the fourth principal component (Table 4). Secchi disk 
depth was weighted only slightly less heavily in that component. Of the two 
main determinants of Secchi disk depth, suspended inorganic matter (silt) and 
phytoplankton, it is well known that silt is a major factor affecting Illinois lakes. 
A 1978 lEPA study (lEPA 1978) of 353 Illinois lakes found that 56% of the lakes 
fell into categories "fair to poor quality" and "high potential for exhibiting 
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problems." Two-thirds of 108 lakes sampled in the study were considered 
eutrophic, 78% of lakes measured did not meet the Illinois Department of 
Health Secchi disk depth standards for bathing beaches, and most lakes exhibited 
hypolimnetic dissolved oxygen deficiency in the summer. The main problems 
of Illinois lakes, according to the lEPA report, were sediment pollution (39% of 
lakes impaired) and aquatic vegetation (35% of lakes impaired). The sediment 
problem has also been recognized as a major factor leading to the decline of 
species such as the highfin carpsucker (Smith 1979) and thus it was important 
that turbidity, in some form, be taken into account by the classification. 
Of the 19 limnological variables used by Dolman (1990), nine were selected 
by canonical correlation as important. His first canonical variable explained 
55.2% of the variance and emphasized lake volume, pH, total alkalinity, total 
hardness, and conductivity. His second canonical variable emphasized 
thermocline depth positively and alkalinity negatively, the third was influenced 
positively by thermocline depth and negatively by turbidity, while the fourth 
showed a positive influence of surface elevation and negative weighting for 
temperature. The classification developed here also selected volume in the first 
PC, while alkalinity, conductivity, and temperature correlates (growing degree 
days and growing season) were weighted heavily in the second PC, an obvious 
similarity with that of Dolman. The only variable common to both datasets, but 
not selected by either analysis was lake age. Lake age in Dolman (1990) ranged 
from 5-84 years while my lakes ranged from 7-118 years. Therefore, it does not 
seem likely that this lack of significance can be attributed to small range of 
values. Further, the correlation of lake age with several morphological 
variables and growing season and degree days was significant but weakly 
negative (Table 2). The usefulness of lake age as a factor influencing fish 
communities in lakes seems limited, but the final determination will have to 
wait for comparison of the lake classification systems with fish community data. 
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Other Illinois Lake Classification Schemes 
Boland et al. (1979) used four spectral attributes of LANDSAT multispectral 
scanner data to develop two classification systems of 145 Illinois lakes. In the 
first classification only spectral attributes (LANDSAT bands) were used. This 
produced a workable system, but presented two problems. First, due to the 
typically high sediment loads in Illinois lakes, the range of the scanner data was 
reduced, thus results were highly sensitive to changes in mid-range values but 
insensitive to large or small values. Second, extreme values found in some 
Illinois lakes were not readily measured by multispectral scarmer. These 
problems were overcome in the second classification system by simultaneously 
collecting in-lake data on chlorophyll-a, Secchi disk depth, total organic 
nitrogen, and total phosphorus, and developing regression equations relating 
these parameters to the LANDSAT scanner data. For all lakes, these 
limnological variables were then estimated and a new classification developed 
resulting in 12 groups of lakes. Of the 145 lakes in Boland's study and 147 in my 
analysis, 45 co-occured in six of Boland's lake groups (Table 7). Two categories, 
in particular, matched closely; Boland's Class 3 and my group F, and Boland's 
Class 6 with my group I. The Class 3 lakes, with the exception of Paris East and 
West, are all northerly located reservoirs or glacial lakes. These lakes are 
generally small, of medium depth, and have small, often intermittent, 
inflowing streams and small watersheds. Water quality is generally good. Class 
6 and group I lakes are moderate to large, shallow lakes with varying degrees of 
sediment related problems and of only fair water quality. Classes 2 and 4 show 
little similarity with my classification while classes 1 and 5 have too few lakes to 
make any conclusions. 
Given the general lack of concordance among lakes in the two classification 
schemes, it appears that there is little relationship between the trophic-based 
classification of Boland et al. (1979) and the morphometry-oriented system as 
utilized in this study. The system of Boland et al. (1979), because it only 
incorporates four factors, appears very limited in scope. Also, several of these 
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Table 7. Classification of lakes by Boland et al. (1979) that were also classified in 
the present study (with class given in parentheses). Brief class 
description includes the following: SEC-Secchi disk depth, TON-total 
organic nitrogen, CHLA-chlorophyll-fl, TPHOS-total phosphorus. 
Class 1 
(very high SEC, low TON, TPHOS, CHLA, minimal sediment related turbidity) 
Kinkaid (G) 
Class 2 
(high SEC, low TON, TPHOS, CHLA, good to excellent water quality, minor 
impairment from sediment-related turbidity, algae, or macrophytes.) 
Jone State Lake (D) Lake Sara (G) 
Lake George (E) East Fork Reservoir (H) 
Lincoln Trail (E) 
Class 3 
(average SEC, TON, CHLA, slightly low TPHOS, reservoirs and glacial lakes of good-
fair quality, minor sediment impairment, slight algae problems, slight to moderate 
macrophyte problems.) 
Highland Lake (D) Lake Zurich (F) 
Paris East and West Lakes (F) Summerset Lake (F) 
Gages Lake (F) Charmel Lake (F) 
Lake Catherine (F) Pierce Lake (F) 
Table 7. (continued) 
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Class 4 
(low SEC, TON, TPHOS, CHLA, water quality fair to good, sediment, algae and 
macrophyte problems generally minimal.) 
Lake Paradise (A) 
Lake Pittsfield (B) 
Lake Pistakee (B) 
Lake Mattoon (B) 
S.A. Forbes Lake (B) 
Lake Vandalia (B) 
Lake Centralia (B) 
Lake Pana (B) 
Lake Argyle (B) 
Lake Powerton (E) 
Dresden Lake (E) 
Round Lake (F) 
Diamond Lake (F) 
Wolf Lake (F) 
Rend Lake (H) 
Lake Shelbyville (H) 
Lake Carlyle (H) 
McCullom Lake (J) 
Big Lake 0) 
Bangs Lake (K) 
Class 5 
(low SEC, slightly low TON, CHLA, average TPHOS, generally shallow and turbid, poor 
to fair quality with severe sediment problems, minimal algae and macrophyte 
problems) 
Lake Charleston (A) Lake Tampier (F) 
Lake Meredosia (A) 
Class 6 
(low SEC, average TON, TPHOS, CHLA, fair quality, slight to severe sediment problems, 
algae slight to moderate, minimal macrophtye problems) 
Sam Parr Lake (B) Fox Lake (I) 
Greenville New City Lake (B) Grass Lake (I) 
Nippersink Lake (I) Petite Lake (I) 
Lake Decatur (I) Lake Marie (I) 
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factors were correlated (total organic nitrogen was strongly correlated with 
chlorophyll-fl and total phosphorus) which reduces the power of the analysis. 
My analysis does take into account Secchi disk depth (as well as percent of lake 
as littoral zone), but does not incorporate chlorophyll-a or total phosphorus, 
both of which have been related to fish production (Jones and Hoyer 1982). It is 
possible that incorporation of such data would improve my classification but, 
due to lack of data, such a determination is not possible at this time. 
A Final Comment on Classification 
Niether Pennak (1958), working with lakes in northern Colorado, nor 
Larkin and Northcote (1958) in British Columbia, could find sharp delineations 
in lake types. Both attributed this to the gradual intergradation of the variables 
selected over the span of lakes in their analysis. This was also true in the 
present study. The lack of sharp delineations, however, should not be 
considered an obstacle preventing classification, but simply accepted as an 
attribute to consider in the interpretation of the results. Further, different input 
variables are selected based on the intended use of the classification with 
different classifications resulting. Boland's work centered on trophic status and 
used only four variables while Larkin and Northcote (1958) used a mix of 
biological, morphological, water chemistry, and climatic variables. Indeed, the 
simplicity of Boland's data-set may have helped in the development of his 
inordinately distinct clusters. 
In this study, trophic state was not the only variable of concern; all available 
factors thought to influence fish species composition were included. Thus, 
there was both a much more comprehensive goal for the classification and, 
consequently, a more diverse input data-set. The utility of the classification 
system developed here can only be determined by the ability of the lake classes 
to differentiate among fish assemblages. This is the subject of Section IV. 
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APPENDIX A. LAKE NAMES AND LOCATION DESCRIPTIONS FOR THE MAJOR LAKES IN THE FAS 
DATABASE. 
No. Lake name County Lat. Long. Township Range Section 
1. Allison Lake Logan 400854 892448 T20N R3W 27 
2. Argyle Lake McDonough 402706 904722 T5N R3W 6 
3. Ashland New Reservoir Cass 395145 900230 T16N R8W 6 
4. Augusta Lake Hancock 411544 905516 T3N R5W 12 
5. Baldwin Lake Randolph 381236 895237 T3SJ4S R7W 33W,4y9 
6. Bangs Lake Lake 421552 880820 T44N R9E 24^,26 
7. Beall Woods Wabash 382130 875006 T2S R13W 11 
8. Beaver Dam Lake Macoupin 391238 895825 T9N R8W 22 
9. Big Lake Kendall 413753 883133 T36N R6E 2 
10. Bluff Lake (FCOL) Lake 422733 880730 T46N R9E 24 
11. Borah Lake Richland 384630 880402 T4N RlOE 14,23,13 
12. Braidwood Lake Will 411353 881214 T32N R9E 3,4,9,10 
13. Canton Lake Fulton 403352 895821 T7N R5E 30,19 
14. Carlyle Lake Clinton 384220 891823 T2N,T3N R1W,R2W Many 
15. Carthage Lake Hancock 402542 910912 T5N R6W 13 
16. Channd Lake (FCOL) Lake 422911 880815 T46N R9E 1,2,11,12,14 
17. Charleston Side Channel Lake Coles 392813 880837 T12N R9E 24,25 
18. Clinton Lake Dewitt 401403 884320 T19N R3E 4 
19. Coffeen Lake Montgomery 390220 892309 T7N R3W 14 
20. Cross Lake Lake 422949 880514 T46N , RlOE 5 
21. Dawson Lake McLean 402403 884320 T23N R4E 35 
22. Defiance Lake McHenry 421909 881332 T44N R9E 6 
23. Diamond Lake Lake 421500 880025 T44N RlOE 36 
24. Dolan State Lake Hamilton 380331 882415 T5S R7E 26 
25. Dresden Lake Grundy 412117 881500 T33N R8E 11 
Appendix A. (continued) 
No. Lake name County 
26. East Branch Reservoir Dupage 
27. East Fork Lake Richland 
28. Feme Clyffe Johnson 
29. Fish Lake Lake 
30. Forbes Lake Marion 
31. Forest Lake Lake 
32. Fox Chain O'Lakes (FCOL) Lake 
33. Fox/Nippersink (FCOL) Lake 
34. Frank Holten Lake #3 St. Clair 
35. Frank Holten Main Lake St. Clair 
36. Gages Lake Lake 
37. Georgetown Reservoir Vermillion 
38. Gillespie New City Lake Macoupin 
39. Gillespie Old City Lake Macoupin 
40. Glen Shoals Montgomery 
41. Grass Lake (FCOL) Lake 
42. Greenville New City Lake Bond 
43. Greenville Old City Lake Bond 
44. Heidecke Lake Grundy 
45. HerrickLake Dupage 
46. Highland Lake Lake 
47. Highland Old City Lake Madison 
48. Hillsboro Old City Lake Montgomery 
49. Honey Lake Lake 
50. Horton Lake Hancock 
51. Jones State Lake Saline 
Lat. Long. Township Range Section 
415546 880332 T40N RlOE 26 
384543 880434 T4N R10E,R11E Many 
372800 885833 TllS R2E 27 
422006 880925 T45N R9E 35 
384250 884455 T3N R4E 10 
421252 880310 T43N RlOE 10,15 
422419 881000 T45N R9E 2^433,34 
422435 881902 T45N R9E 2^4,33,34 
383512 900510 T2N R9W 27,34 
383601 900607 T2N R9W 21,28 
422102 875948 T45N RUE 30 
395730 873842 T17N RllW 6,7 
390845 895310 T8N R7W 8 
390846 895147 T8N R7W 10 
391050 892950 T9N 
CO 
7,18,19,30 
422550 880948 T46N R9E 34 
385702 892156 T6N R3W 26 
385336 892622 T5N R3W 9 
412151 882136 T33N,T34N R7E,R8E 32,33,4,5,6 
414942 880836 T39N RlOE 30,31 
422140 880342 T45N RlOE 21,22 
384559 894134 T3N R5W 29 
391054 892826 T9N R4W 36 
421202 880748 T43N R93 13 
403244 912301 T6N R5W 1 
374122 882306 T9S R7E 36 
Appendix A, (continued) 
No. Lake name County 
52. Kinkaid Lake Jackson 
53. Lake Atwood McHenry 
54. Lake Carlton Whiteside 
55. Lake Catherine (FCOL) Lake 
56. Lake Centralia Marion 
57. Lake Decatur Macon 
58. Lake Eureka Woodford 
59. Lake Fairfield Lake 
60. Lake George Rock Island 
61. Lake Jacksonville Morgan 
62. Lake Kakusha LaSalle 
63. Lake Le-Aqua-Na Stephenson 
64. Lake Marie (FCOL) Lake 
65. Lake Mattoon Coles 
66. Lake Milliken Will 
67. Lake Mingo Vermillion 
68. Lake Murphysboro Jackson 
69. Lake Nellie Fayette 
70. Lake of the Woods Champaign 
71. Lake Paradise Coles 
72. Lake Petersburg Menard 
73. Lake Sangchris Christian 
74. Lake Sara Effingham 
75. Lake Shelbyville Shelby 
76. Lake Springfield Sangamon 
77. Lake Summerset Winnebago 
Lat. Long. Township Range Section 
374625 892250 T9S R3W 4^ 
421344 881532 T43N R8E 2,1 
415045 895747 T22N R5E 31 
422909 880742 T46N R9E 1/12 
383327 890016 TIN R2E 4A9 
395228 885159 T16N R2E 22 
404218 891639 T26N R2W 13,24 
421714 880640 T44N RlOE 18 
412558 904957 T17N R4W 27,34,35 
394021 901244 T14N RlOW 9 
413338 890813 T36N RIE 29 
422508 894944 T28N R6E 16,17 
422746 880804 T46N R9E 12,13,14,24 
392216 882750 TION R6E Many 
402006 881100 T33N R9E 15,22 
401227 874359 T20N R12W 9 
374625 892250 T9S R3W 1 
390257 885058 T7N R3E 15,14,23 
401201 882250 T20N R7E 11,14 
392447 882627 TUN R7E 4A8 
395922 895056 T18N R7W 23 
393853 892830 T14N R3W 19 
390738 883710 T8N R5E 9,10,15,16+ 
392507 884614 TUN R4E 8 
394243 893613 T15N R5W 12 
422654 892305 T28N R10E,R9E 6,1 
Appendix A. (continued) 
No. Lake name County 
78. Lake Tampier CCFPD Cook 
79. Lake Vermillion Vermillion 
80. Lake Zurich Lake 
81. LaSalle Cooling Pond LaSalle 
82. Lincoln Trail Lake Clark 
83. Long Lake - IGP Vermillion 
84. Lou Yeager Lake Montgomery 
85. Mallard Lake DuPage 
86. Mazonia Lake #10 Grundy 
87. Mazonia Lake #7 Grundy 
88. Mazonia Lake #8 Grundy 
89. Mazonia Lake #9 Grundy 
90. Mccullom Lake McHenry 
91. Meredosia Cass 
92. Mermet State Lake Massac 
93. Mill Creek Lake Clark 
94. Monee Reservoir Will 
95. Mt Olive New City Lake Macoupin 
96. Mt Olive Old City Lake Macoupin 
97. Mt Sterling Lake Brown 
98. Murraywood Reservoir Morgan 
99. Newton Lake Jasper 
100. Oakland City Lake Coles 
101. One Horse Gap Lake Pope 
102. Otter Lake Macoupin 
103. Palmyra-Modesto Lake Macoupin 
Lat. Long. Township Range Section 
415346 875442 T37N R12E 31 
401047 873821 T20N RllW 31 
421142 880554 T43N RlOE 17,18,19,20 
411530 883822 T32N R5E 9,10,11,14 
392020 874323 T10N,T11N R12W 2,3,10,35 
400768 874430 T19N R12W 4,5,8,9 
391404 893543 T9N R5W 36 
425136 880730 T40N RlOE 18 
411119 881527 T31N R8E 1/2 
411152 881641 T31N R8E 2 
411137 881627 T31N R8E 2 
411117 881556 T31N R8E 2,1 
422139 881725 T45N R8E 22 
395158 903329 T17N R13W 34 
371522 885044 T14S R3E 26 
392425 874742 TUN R13W 13 
412330 874539 T34N R13E 32 
390614 894537 T8N R6W 28 
390509 894439 T7N R6W 3 
400038 904513 TIS R3W 4 
393530 901351 T14N RlOW 32 
385313 881816 T5N,T6N R8E,R9E Many 
393947 880113 T14N RUE 18 
373111 882637 TllS R7E 33 
392432 895433 TUN R7W 7 
392639 895727 T12N R8W 35 
Appendix A. (continued) 
No. Lake name County 
104. Pana Lake Shelby 
105. Paris East Lake Edgar 
106. Paris West Lake Edgar 
107. Petite Lake (FCOL) Lake 
108. Pierce Lake Winnebago 
109. Piscateer's Lake Cook 
110. Pistakee Lake (FCOL) Lake 
111. Pittsfield Lake Pike 
112. Pond6-KSP Vermillion 
113. Pounds Hollow Lake Hardin 
114. Powerton Lake Tazewell 
115. Ramsey Lake Fayette 
116. Randolph County Lake Randolph 
117. Red Hills Lawrence 
118. Rend Lake Franklin 
119. Round Lake Lake 
120. Sag Quarry (East) Cook 
121. Sam Parr Lake Jasper 
122. Sand Lake Lake 
123. Sauk Trail Henry 
124. Schuy-Rush Lake Schuyler 
125. Shabbona Lake Dekalb 
126. Siloam Springs Adams 
127. Silver Lake (Highland Silver) Madison 
128. Sportsmens Lake - KSP Vermillion 
129. Spring Lake (north) Tazewell 
Lat. Long. Township Range Section 
392155 890116 TUN R2E 30 
393753 874043 T14N R12W 3U5 
393816 874155 T14N R12W 30,25 
422545 880755 T46N R9E,R10E 25^0,36 
422043 885904 T45N R2E 26,27 
413821 873602 T36N R14E 3 
422339 881216 T45N R9E 9,16 
393751 904446 T5S R3W 16 
395530 874417 T19N R12W 8 
373702 881627 TIOS R8E 25,36 
403230 894230 T24N R5W 7,8,5 
390936 890803 T8N RIE 6 
375825 894521 T6S R6W 32 
384339 874954 T3N R13W 2,3 
380223 885812 T5S,T6S R2E 2^34,35 
422142 880436 T45N RlOE 21 
414130 875544 T37N RUE 13 
390052 880708 T7N RlOE 20,29 
422439 880230 T45N RlOE 2,3 
412004 895249 T16N R5E 26,35 
400349 903313 TIN RIW 18,7 
414422 885122 T38N R3E 27 
395233 905603 T2S R5W 24 
384608 894155 T3N R5E 30 
400820 874430 T20N R12W 32 
402834 895101 T23N R7W 16 
10,9 
17 
10 
9 
2 
21 
IW 
21,2: 
34 
36 
9 
18 
5 
12 
6,31 
21 
29 
34,3! 
Appendix A. (continued) 
No. Lake name County Lat. Long. Township Range 
130. Spring Lake (south) Tazewell 402701 895340 T23N R7W 
131. Staunton City Lake Macoupin 390234 894643 T7N R6W 
132. Sterling Lake LCFP Lake 422826 875628 T46N R22E 
133. Tecumseh Lake Hardin 372830 882000 T12S R8E 
134. Tower Lake Lake 421402 880921 T43N R9E 
135. Turner Lake-COLSP Lake 422655 881123 T46N R9E 
136. Vandalia Lake Fayette 390045 890725 T7N RIE 
137. Vemor Lake Richland 384546 880609 T4N RlOE 
138. Virginia City Reservoir Cass 395816 901216 T18N RlOW 
139. Walnut Point Lake Douglas 394021 880205 T15N RlOE 
140. Walton Park Lake Montgomery 390924 893921 T8N R5W 
141. Washington County Lake Washington 381610 892137 T3S R2W 
142. Waverly Lake Morgan 393603 900033 T13N R8W 
143. Weldon Springs Dewitt 400708 885521 T19N R2E 
144. Wilderness Lake McHenry 421936 881340 T44N R9E 
145. Wildwood Lake Brown 410444 891702 T2S R4W 
146. Wolf Lake Cook 414018 873150 T37N R15E 
147. Wood Lake Moultrie 393139 883650 T13N R5E 
APPENDIX B. MORPHOMETRY OF LAKES LISTED IN APPENDIX A. 
Max. Mean Shore Water­ Stor. Stream Year 
Lake name Ha depth depth len. SDI shed Dv cap. order constr. 
(m) (m) (km) (ha) (1000 m3) 
Allison L. 24.0 2.74 1.72 2.09 1.2 882 1.88 412.28 0 1968 
Argyle L. 32.6 11.27 4.88 7.61 3.76 1697 1.30 1594.58 2 1949 
Ashland New R. 2.7 7.32 3.91 0.84 1.45 15 1.60 104.24 2 1978 
Augusta L. 10.9 4.57 1.93 3.32 2.83 659 1.26 209.96 3 1944 
Baldwin L. 816.7 14.63 2.43 24.13 2.38 1260 0.50 24265.29 7* 1968 
Bangs L. 120.0 24.0 9.6 5.0 1.287 389 1.20 5056.60 1 » * 
Beall Woods L. 3.0 3.35 1.61 1.11 1.8 61 1.44 48.73 0 1972 
Beaver Dam L. 22.9 2.44 1.92 2.71 1.6 121 2.36 438.55 1 1870 
BigL. 9.0 6.4 3.61 1.49 1.39 10 1.69 324.44 0 1960 
Bluff L. 38.5 8.84 4.29 4.08 1.85 243 1.45 1654.04 5 * * 
Borah L. 52.1 7.92 3.23 9.34 3.64 872 1.22 1686.48 2 1954 
Braidwood L. 933.9 24.69 2.67 24.12 2.22 243 0.32 24965.24 7* 1981 
Canton L. 91.7 9.45 3.72 12.55 3.69 3937 1.18 3409.48 3 1939 
Carlyle L. 9947.5 10.67 3.35 90.86 3.78 694120 0.94 349114.23 4 1967 
Carthage L. 18.2 6.71 3.41 4.1 2.71 782 1.52 619.40 3 1926 
Channel L. 145.2 11.58 3.9 14.39 3.36 1457 1.00 5658.49 5 * * 
Charleston L. 132.3 4.88 2.36 5.85 1.43 560 1.44 3117.23 3 1947 
Clinton L. 1981.0 12.19 3.35 209.0 13.2 76666 0.82 91534,54 4 1978 
Coffeen L. 446.0 17.7 5.7 77.1 10.6 4452 0.97 27200.0 3 1963 
Cross L. 35.4 11.28 3.51 2.88 1.36 121 0.93 1243.86 0 * * 
Dawson L. 61.6 7.92 3.08 8.17 2.93 1166 1.16 1900.51 3 1964 
Defiance L. 19.0 5.79 2.89 2.04 1.32 405 1.49 548.84 1 * * 
Diamond L. 63.4 8.23 2.83 4.73 1.67 162 1.03 1792.70 1 * * 
Dolan State L. 29.0 5.18 1.9 5.19 2.71 431 1.10 551.30 2 1962 
Dresden L. 462.0 6.40 3.13 24.78 3.25 525 1.46 14457.52 7* 1971 
East Branch R. 16.3 6.4 1.74 2.98 2.08 59 0.81 284.60 0 1980 
Appendix B. (continued) 
Max. Mean Shore Water­ Stor. Stream Year 
Lake name Ha depth depth len. SDI shed Dvr cap. order constr. 
(m) (m) (km) (ha) (1000 m3) 
East Fork L. 279.8 11.0 3.15 51.18 8.63 2498 0.86 8813.10 4 1970 
Feme Qyffe L. 6.2 6.4 2.69 1.45 1.65 51 1.26 165.55 2 1959 
FishL. 36.4 5.18 2.59 3.30 1.54 2764 1.49 941.87 1 1935 
Forbes L. 225.8 9.45 4.62 35.80 6.72 5585 1.46 10443.75 4 1963 
Forest L. 15.7 3.05 1.78 2.48 1.76 174 1.75 279.66 1 1934 
Fox/Nippersink L. 990.3 5.49 1.38 37.04 3.32 336700 0.75 13650.61 5 * * 
Frank Holten #3 L. 32.7 2.44 1.77 3.35 1.73 209 2.17 114.43 1 1930 
Frank Holten M. L. 31.0 6.4 1.98 4.03 2.04 141 0.93 617.06 1 1930 
Gages L. 53.2 14.63 2.36 6.25 2.41 518 0.48 1258.29 0 * * 
Georgetown R. 22.9 3.05 0.92 9.03 5.32 6993 0.90 211.56 4 1936 
Gillespie New L. 81.8 8.23 3.33 14.37 4.48 3341 1.21 2720.99 3 1956 
Gillespie Old L. 25.9 6.4 2.68 7.72 4.27 1483 1.25 694.28 3 1900 
Glen Shoals L. 451.9 11.58 3.68 42.86 5.68 570 0.95 16639.36 3 1978 
Grass L. 604.8 1.83 0.69 29.10 3.33 598 1.12 4147.92 5 * *  
Greenville New L. 312.4 7.92 2.73 38.55 6.15 7471 1.03 8537.26 4 1969 
Greenville Old L. 9.0 5.18 2.78 2.37 2.22 356 1.60 250.55 2 1933 
Heidecke L. 791.2 18.29 2.75 27.41 2.75 1332 0.45 24670.0 7* 1976 
Herrick L. 7.5 3.96 1.66 1.72 1.77 111 1.26 125.21 1 1930 
Highland L. 43.0 11.28 3.38 2.56 1.09 283 0.89 1453.94 1 » * 
Highland Old L. 1.3 6.4 3.04 0.73 1.8 79 1.42 39.23 3 1912 
HiUsboro Old L. 41.8 7.32 3.7 7.85 3.42 1943 1.51 1547.94 3 1917 
Honey L. 25.9 6.10 1.67 2.59 1.43 239 0.82 432.88 1 
Horton L. 4.2 8.84 3.4 1.64 2.24 90 1.15 144.33 1 1967 
Jones State L. 40.3 8.53 3.84 4.26 1.89 391 1.35 1548.93 0 1963 
Kinkaid L. 972.9 18.59 7.56 134.46 12.16 17133 1.22 29799.92 4 1971 
L. Atwood 8.5 8.84 4.06 1.98 1.92 23 1.38 344.55 0 1974 
Appendix B. (continued) 
Max. Mean Shore Water­ Stor. Stream Year 
Lake name Ha depth depth len. SDI shed D, cap. order constr. 
(m) (m) (km) (ha) (1000 m3) 
L. Carlton 29.1 8.23 3.43 4.43 2.31 573 1.24 996.64 2 1969 
L. Catherine 62.3 12.19 5.15 5.94 2.12 1457 1.26 3207.16 5 * * 
L. Centralia 105.8 7.01 3.06 20.72 5.68 1813 1.31 3240.72 2 1910 
L. Decatur 1210.5 6.71 1.83 60.79 4.92 234645 0.82 22136.93 4 1922 
L. Eureka 11.2 5.79 2.4 2.32 1.95 688 1.24 270.53 3 1942 
L. Fairfield 7.1 5.18 2.47 1.67 1.76 74 1.43 175.05 0 ** 
L. George 65.6 16.76 6.49 10.18 3.54 1918 1.16 4256.35 3 1966 
L. Jacksonville 184.2 9.45 3.80 29.92 6.21 2784 1.20 6996.72 3 1939 
L. Kakusha 22.9 3.66 1.3 3.85 2.26 550 1.06 297.55 2 1981 
L. Le-Aqua-Na 17.3 6.71 3.19 2.66 1.8 1012 1.43 552.41 2 1955 
L. Marie 243.8 7.92 2.6 24.94 4.5 1700 0.98 6345.12 5 * *  
L. Mattoon 411.6 9.4 3.47 45.47 6.32 14245 1.13 14285.56 3 1955 
L. Milliken 10.4 2.44 0.41 2.4 2.1 48 0.51 43.18 0 
L. Muigo 71.7 10.06 3.68 15.12 5.03 4626 1.09 2642.54 2 1979 
L. Murphysboro 58.1 9.75 4.18 11.92 4.41 697 1.28 2432.82 1 1950 
L. Nellie 24.7 8.23 3.64 5.5 3.12 538 1.32 898.94 2 1963 
L. of the Woods 10.5 6.7 2.86 2.26 1.96 206 1.28 300.51 2 1945 
L. Paradise 57.6 4.88 2.59 6.36 2.36 4686 1.59 1628.38 2 1931 
L. Petersburg 74.7 18.9 6.24 21.46 7.00 605 0.99 4672.83 2 1962 
L. Sangchris 967.1 12.8 3.83 156.8 14.22 18908 0.89 37014.25 3 1964 
L. Sara 256.0 14.33 5.78 61.32 10.81 3060 1.21 14811.32 4 1957 
L. Shelbyville 4492.5 20.42 5.76 276.75 11.65 272986 0.85 222051.45 5 1970 
L. Springfield 1582.0 7.92 4.00 84.77 6.01 66924 1.51 63387.55 4 1935 
L. Summerset 108.5 10.06 3.87 8.99 2.43 1821 1.15 4205.53 2 1969 
L. Tampier 49.1 4.57 2.08 5.35 2.15 627 1.36 1021.81 1 1964 
L. Vermillion 269.6 4.88 1.66 18.13 3.11 69155 1.02 4489.14 3 1925 
Appendix B. (continued) 
Max. Mean Shore Water­ Stor. Stream Year 
Lake name Ha depth depth len. SDI shed Dvr cap. order constr. 
(m) (m) (km) (ha) (1000 m3) 
L. Zurich 88.1 9.75 3.07 4.12 1.23 502 0.94 2706.68 1 » * 
LaSalle L. 776.7 21.64 4.7 33.48 3.38 1087 0.65 36526.85 7* 1977 
Lincoln Trail L. 56.9 10.67 4.84 8.66 3.23 850 1.36 2754.80 2 1956 
Long L. - KSP 20.7 10.97 2.67 5.47 3.39 40 0.72 552.41 0 1927 
Lou Yaeger L. 540.9 9.45 3.02 40.2 4.87 29785 0.95 16330.40 4 1964 
Mallard L. 30.8 7.92 3.14 3.72 1.89 34 1.18 966.29 0 1951 
Mazonia L. #10 12.3 11.89 3.59 7.05 5.67 27 0.90 441.51 0 1962 
Mazonia L. #7 13.7 9.75 4.3 5.88 4.48 34 1.32 589.30 0 1962 
Mazonia L. #8 7.3 7.92 3.42 2.77 2.88 49 1.29 250.79 1 1962 
Mazonia L. #9 14.2 7.92 3.45 5.64 4.23 49 1.30 489.25 1 1962 
MccuUom L. 101.6 2.9 1.23 4.67 1.30 261 1.27 1251.01 0 1890 
Meredosia 594.3 1.52 0.83 27.59 3.19 3382 1.63 4939.41 1 * * 
Mermet State L. 182.9 3.66 0.61 5.67 1.183 203 0.50 1159.60 0 1961 
Mill Creek L. 304.5 18.29 6.61 72.39 11.7 4915 1.08 20144.26 4 1980 
Monee R. 17.7 8.23 2.78 3.18 2.12 363 1.01 492.21 1 
Mt Olive New L. 14.8 4.27 1.73 3.65 2.67 1349 1.22 256.96 1 1938 
Mt Olive Old L. 14.9 8.84 3.34 5.35 3.9 259 1.13 498.87 1 1900 
Mt Sterling L. 10.0 6.4 3.16 2.7 2.41 466 1.48 314.33 2 1935 
Murraywood L. 2.9 6.4 2.99 1.49 2.47 67 1.40 86.23 2 1963 
Newton L. 687.7 15.54 6.00 95.58 10.28 12432 1.15 41268.14 2 1976 
Oakland City L. 12.2 2.44 1.07 2.69 2.16 3706 1.32 131.01 3 1938 
One Horse Gap L. 12.2 6.71 2.49 3.13 2.53 114 1.11 302.61 1 1972 
Otter L. 301.4 15.54 6.04 61.74 10.03 5257 1.16 18202.17 3 1968 
Palmyra-Mod. L. 16.5 9.45 3.71 4.71 3.27 687 1.17 610.27 1 1965 
PanaL. 85.4 10.97 4.17 18.46 5.63 3756 1.14 3564.91 2 1952 
Paris East L. 67.9 6.4 2.55 12.53 4.28 5180 1.19 1735.70 2 1916 
Appendix B. (continued) 
Max. Mean Shore Water­ Stor. Stream Year 
Lake name Ha depth depth len. SDI shed D. cap. order constr. 
(m) (m) (km) (ha) (1000 m3) 
Paris West L. 31.1 2.74 1.2 7.18 3.63 4577 1.31 373.66 2 1895 
Petite L. 97.7 4.88 1.58 14.85 4.23 405 0.97 1544.12 5 * *  
Pierce L. 61.2 10.06 3.41 6.72 2.42 8150 1.01 2091.23 3 1960 
Piscateer's L. 12.9 10.36 6.05 1.84 1.44 32 1.75 780.14 0 1942 
Pistakee L. 714.9 10.97 2.26 35.01 3.69 688 0.61 16135.0 5 1939 
Pittsfield L. 86.6 9.14 3.65 12.28 3.72 477 1.19 3171.88 4 1960 
Pond 6 - KSP 5.67 6.71 3.12 3.04 3.6 166 1.39 177.27 0 1926 
Pounds Hollow L. 10.9 7.01 3.4 2.91 2.49 414 1.45 370.08 1 1940 
Powerton L, 537.3 4.57 3.15 17.53 2.13 551 2.06 16903.91 7* 1971 
Ramsey L. 22.4 6.71 2.54 4.45 2.65 607 1.13 568.58 1 1949 
Randolph Cnty L. 32.6 10.06 4.78 6.17 3.04 809 1.42 1558.06 1 1961 
Red Hills L. 16.9 7.32 2.15 4.47 3.06 397 0.88 363.67 1 1953 
Rend L. 7648.8 10.67 2.96 173.18 5.586 126392 0.83 385283.95 5 1970 
Round L. 94.6 11.28 3.08 6.28 1.82 202 0.82 2917.01 0 
Sag Quarry L, 6.0 5.18 1.49 3.53 4.06 38 0.86 89.68 0 1930 
Sand L. 7.4 3.66 1.48 1.16 1.2 96 1.21 109.67 0 * *  
Sauk Trail L. 21.0 6.10 2.33 3.42 2.1 1554 1.14 488.27 2 1956 
Schuy-Rush L. 101.5 11.89 3.77 19.72 5.52 3439 0.95 3828.91 2 1975 
Shabbona L. 126.8 12.8 4.65 10.5 2.63 5217 1.09 5904.72 1 1973 
Siloam Springs L. 24.1 13.11 5.19 6.37 3.65 515 1.18 1144.8 2 1955 
Silver L. 239.1 7.62 3.20 28.37 5.17 12303 1.26 7663.74 3 1962 
Sportsmans L. 14.4 15.54 5.64 6.77 5.03 73 1.08 812.34 0 1953 
Spring L. (north) 194.1 2.65 0.54 19.82 4.01 256 0.61 1048.82 0 1918 
Spring L. (south) 277.9 2.13 1.15 8.30 1.4 325 1.61 3188.66 0 1918 
Staunton (City L. 35.0 9.75 3.56 5.71 2.72 953 1.09 1246.34 2 1926 
Sterling L. 28.5 7.01 4.37 3.73 1.96 72 1.87 1249.04 0 
Appendix B. (continued) 
Max. Mean Shore Water­ Stor. Stream Year 
Lake name Ha depth depth len. SDI shed D, cap. order constr. 
(m) (m) (km) (ha) (1000 m3) 
Sam Parr L. 58.3 8.53 3.06 15.43 5.7 1578 1.07 1787.88 2 1971 
Tecumseh L. 4.2 4.27 2.1 1.56 2.15 110 1.47 3089.23 1 1970 
Tower L. 26.2 1.98 1.06 5.29 2.91 156 1.60 277.93 2 1915 
Turner L. 14.2 2.44 0.9 1.83 1.37 202 1.11 128.54 1 * *  
Vandalia L. 269.2 9.45 3.19 39.34 6.76 6879 1.01 8598.57 3 1967 
Vemor L. 16.1 9.45 4.11 4.11 2.88 121 1.30 664.43 1 1927 
Virginia City R. 8.9 5.18 2.26 4.22 4.0 206 1.30 200.46 3 1933 
Walnut Point L. 21.8 9.75 3.82 8.95 5.40 103 1.17 832.23 2 1968 
Walton Park L. 12.4 3.66 1.64 3.89 3.11 527 1.34 202.56 2 1870 
Washington Cnty 125.5 6.71 5.56 23.47 5.91 2752 1.14 3214.32 3 1961 
Waverly L. 46.6 4.88 2.2 15.54 6.42 2393 1.35 415.61 4 1938 
Weldon Springs L. 12.0 8.53 3.47 3.38 2.75 222 1.22 414.74 2 1900 
Wilderness L. 6.4 2.74 1.56 1.39 1.55 63 1.70 100.54 0 * * 
Wildwood L. 14.7 10.97 4.55 5.44 3.99 172 1.24 670.72 2 1977 
Wolf L. 158.4 4.88 1.80 13.21 2.96 202 1.10 2851.76 1 * » 
Wood L. 11.2 5.79 2.23 3.41 2.87 465 1.15 250.42 2 1965 
Dy = volume development index (VDI=3 x (mean depth/max. depth)) 
SDI = shoreline development index (SDI = shore length(in meters) / (2 x V(7t x surface area( in m^))) 
Stor. cap. = storage capacity at normal pool level 
* perched cooling lakes with no natural outlets but pump water from river of the order shown. 
** glacial lakes were assigned formation date of 1860,10 years older than the oldest man-made lake in data set. 
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APPENDIX C. LIMNOLOGICAL CHARACTERISTICS OF 144 ILLINOIS LAKES. 
Lake name Retention Secchi Conductivity Total pH Growing degree 
time (years) (cm) (|imhos/cm) alkalinity days (base 50°F) 
Allison L. 0.20 45.72 435.00 130.00 7.10 3551 
Argyle L. 0.59 113.45 311.50 120.83 8.73 3590 
Ashland New R. 3.13 111.76 556.00 8.34 3555 
Augusta L. 0.15 83.80 125.00 70.00 7.12 3315 
Baldwin L. 6.32 70.70 652.17 132.50 8.23 4306 
Bangs L. 6.41 96.52 435.00 132.00 8.10 2694 
Beall Woods L. 0.24 121.90 203.00 115.00 7.54 3972 
Beaver Dam L. 1.86 39.79 207.00 75.00 8.94 3855 
BigL. 15.48 609.60 432.00 230.00 7.94 3038 
Bluff L. 3.35 46.99 581.00 236.50 8.00 2694 
Borah L. 0.70 101.60 132.00 43.00 6.82 4292 
Braidwood L. 44.94 60.96 954.00 157.00 8.76 3126 
Canton L. 0.55 149.35 121.00 7.53 3551 
Carlyle L. 0.20 35.60 355.00 115.00 4020 
Carthage L. 0.25 57.91 235.00 80.00 9.15 3590 
Channel L. 1.91 142.24 452.25 200.75 7.93 2694 
Charleston L. 0.00 33.87 361.50 134.17 8.52 3546 
Clinton L. 0.51 44.10 425.80 192.20 3445 
Coffeen L. 2.10 110.49 653.33 79.17 8.20 3611 
Cross L. 5.06 189.00 430.00 118.00 8.41 2796 
Dawson L. 0.74 103.38 289.00 100.00 9.53 3263 
Defiance L. 0.70 167.64 534.50 236.83 8.12 2694 
Diamond L. 5.36 81.28 405.00 188.00 8.20 2694 
Dolan L. 0.49 33.02 265.00 60.00 8.10 3965 
Dresden L. 12.76 34.50 575.00 171.20 3038 
East Branch L. 2.30 67.00 851.00 152.00 8.60 3049 
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Appendix C. (continued) 
Lake name Retention Secchi Conductivity Total pH Growing degree 
time (years) (cm) (^imhos/cm) alkalinity days (base 50°F) 
East Fork L. 
Feme Qyffe L. 
Fish L. 
Forbes L. 
Forest L. 
Fox/Nippersink L. 
Frank Holten #3 L. 
Frank Holten Main 
Gages L. 
Georgetown R. 
Gillespie New L. 
Gillespie Old L. 
Glen Shoals L. 
Grass L. 
Greenville New L. 
Greenville Old L. 
Heidecke L. 
HerrickL. 
Highland L. 
Highland Old L. 
HiUsboro L. 
Honey L. 
Horton L. 
Jones State L. 
KinkaidL. 
L. Atwood 
L. Carlton 
1.40 112.52 
0.85 
0.17 76.20 
0.58 53.34 
0.79 55.88 
0.02 36.83 
0.22 34.93 
1.72 29.21 
1.73 106.70 
0.01 50.80 
0.61 60.11 
0.25 60.96 
11.79 52.61 
0.01 29.21 
0.61 35.14 
0.36 42.70 
3.48 74.93 
0.54 54.19 
2.48 137.10 
0.20 71.12 
0.85 
0.89 259.10 
0.79 91.40 
1.26 54.19 
1.72 109.54 
7.37 396.20 
0.87 162.56 
312.00 51.00 
73.00 49.00 
580.00 126.00 
200.17 55.00 
900.00 187.00 
588.25 226.50 
509.54 123.85 
267.75 78.75 
720.00 115.00 
559.00 185.00 
296.17 122.50 
257.50 117.50 
276.57 92.86 
649.50 298.00 
268.83 95.00 
310.00 105.00 
1829.67 171.00 
468.17 135.17 
361.00 89.00 
262.00 122.00 
362.00 105.00 
635.00 120.00 
320.00 92.00 
97.67 30.83 
202.38 67.00 
681-00 191.00 
287.67 219.33 
8.24 4292 
7.15 4330 
8.20 2694 
7.83 3931 
8.18 2694 
8.25 2694 
6.86 4148 
6.54 4148 
8.02 2755 
8.18 3665 
8.53 3855 
8.43 3855 
6.94 3855 
8.38 2694 
8.97 3745 
8.26 3745 
8.20 3038 
8.72 3049 
8.22 2694 
8.68 4020 
8.17 3855 
2694 
9.00 3590 
8.63 4024 
8.06 4190 
7.53 2694 
5.80 3209 
Appendix c. (continued) 
Lake name Retention Secchi Conductivity Total pH Growing degree Growing 
time (years) (cm) (|xmhos/cm) alkalinity days (base 50°F) season (days) 
L. Catherine 1.08 184.15 456.25 209.50 8.00 2694 158 
L. Centralis 0.61 80.86 420.50 73.33 7.87 3936 191 
L. Decatur 0.05 33.87 556.17 207.50 7.95 3656 182 
L. Eureka 0.18 61.81 443.50 166.67 7.83 3663 172 
L. Fairfield 1.16 304.80 500.00 137.00 2694 158 
L. George 1.20 42.55 409.67 183.77 8.40 3225 171 
L. Jacksonville 1.18 71.12 495.44 162.22 7.76 3763 186 
L. Kakusha 0.27 30.48 426.00 166.00 7.50 3138 164 
L. Le-Aqua-Na 
L. Marie 
0.28 54.40 467.40 214.61 7.90 2748 157 
0.01 46.36 581.00 217.75 7.98 2694 158 
L. Mattoon 0.38 51.56 396.00 80.00 8.70 3561 18^ 
L. Milliken 0.48 61.00 495.00 200.00 8.46 3355 179 
L. Mingo 0.23 338.00 230.00 8.48 3456 166 
L. Murphysboro 1.00 47.41 192.67 80.83 9.40 4190 199 
L. Nellie 0.63 76.20 182.00 86.00 8.31 3648 182 
Lake of the Woods 0.63 76.62 481.97 218.30 8.05 3445 187 
L. Paradise 0.14 38.53 454.00 151.50 8.10 3561 183 
L. Petersburg 3.93 • 419.00 161.00 8.36 3569 173 
L. Sangchris 0.89 97.37 866.17 116.67 8.28 3569 173 
L. Sara 1.81 83.50 237.00 89.69 8.25 3648 182 
L. Shelbyville 0.38 87.71 174.50 8.14 3648 182 
L. Springfield 0.43 42.67 539.35 146.70 8.72 3569 173 
L. Summerst 1.90 137.16 225.00 248.00 7.99 2813 152 
L. Tampier 0.72 76.20 761.00 126.00 8.30 2996 165 
L. Vermillion 0.03 28.70 510.00 157.00 8.48 3456 166 
L. Zurich 2.98 124.46 525.00 80.00 8.95 2694 158 
LaSalle L. 15.56 66.00 576.70 170.00 3038 163 
Appendix c. (continued) 
Lake name Retention Secchi Conductivity Total pH Growing degree Growing 
time (years) (cm) (|xmhos/cm) alkalinity days (base 50°F) season (days) 
Lincoln Trail L. 0.94 137.58 224.83 85.83 8.63 2710 166 
Long L. - KSP 9.15 792.48 1723.00 146.00 7.21 3456 166 
Lou Yeager L. 0.23 49.11 390.83 131.67 8.25 3855 183 
Mallard L. 13.99 91.40 730.00 122.00 8.45 2618 162 
Mazonia L. #10 7.15 213.4 1350.0 151.00 8.04 3126 174 
Mazonia L. # 7 7.58 213.36 960.00 159.00 8.10 3126 174 
Mazonia L. #8 2.24 243.84 736.00 161.00 8.00 3126 174 
Mazonia L. #9 . 4.37 243.84 725.00 177.00 7.91 3126 174 
Mccullom L. 0.74 112.08 547.38 175.75 8.21 2694 158 
Meredosia L. 0.68 12.70 490.00 151.00 3763 186 
Mermet State L. 1.45 35.56 157.00 45.00 4306 193 
Mill Creek L. 1.47 186.69 241.67 100.83 8.12 2710 166 
Monee R. 0.59 29.00 491.00 118.80 2996 165 
ML Olive New L. 0.14 45.72 335.00 95.00 3855 183 
ML OUve Old L. 0.76 43.18 3855 183 
ML Sterling L. 0.32 20.32 138.30 83.30 9.30 3516 183 
Murrywood R. 0.56 149.35 477.00 113.00 7.19 3763 186 
Newton L. 1.01 76.20 580.00 81.00 8.24 4292 206 
Oakland City L. 0.02 51.80 390.00 234.00 8.53 3546 182 
One Horse Gap L. 0.95 200.66 • 40.00 4024 195 
Otter L. 1.65 97.37 319.50 100.00 8.53 3855 183 
Palmyra-Modesto L. 0.41 89.54 337.50 103.75 7.71 3855 183 
PanaL. 0.01 69.09 270.60 86.00 8.94 3698 192 
Paris East L. 0.16 46.48 350.30 103.30 8.80 2710 166 
Paris West L. 1.99 67.00 450.00 101.00 8.76 2710 166 
Petite L. 0.00 40.64 605.75 285.50 8.25 2694 158 
Pierce L. 0.37 78.74 461.50 162.50 8.78 2813 152 
Appendix c. (continued) 
Lake name Retention Secchi Conductivity Total pH Growing degree Growing 
time (years) (cm) (^imhos/cm) alkalinity days (base 50®F) season (days) 
Piscateers L. 12.00 350.52 1330.00 270.50 8.64 2996 165 
Pistakee L. 0.02 39.37 608.50 271.00 8.45 2694 158 
Pittsfield L. 2.99 54.05 339.24 150.01 8.23 3763 186 
Pond6-KSP 0.43 890.00 281.50 8.20 3665 182 
Pounds Hollow L. 0.35 205.32 81.67 20.00 7.63 4024 195 
Powerton L. 14.21 75.30 795.00 230.40 3551 180 
Ramsey L. 0.33 58.42 372.50 101.67 8.75 3611 171 
Randolph County L. 0.62 200.66 255.00 125.00 7.64 4190 199 
Red Hills L. 0.33 102.90 355.00 49.00 9.83 3972 199 
Rend L. 0.55 78.74 61.00 7.83 4063 199 
Round L. 7.42 111.25 485.00 85.00 9.00 2694 158 
SagQuaryL. 1.09 213.36 1007.00 182.00 8.42 2996 165 
Sam Parr L. 0.50 36.41 188.50 70.83 9.47 3762 184 
Sand L. 7.14 85.34 483.00 214.00 7.90 2694 158 
Sauk Trail L. 0.80 53.42 361.03 186.86 7.19 3124 158 
Schuy-Rush L. 0.52 45.70 298.00 137.00 7.33 3516 183 
Shabbona L. 0.64 153.25 513.00 261.33 8.13 3038 163 
Siloam Springs L. 1.09 137.16 318.00 90.00 8.62 3763 186 
Silver L. 0.22 40.24 252.02 78.37 8.00 4020 201 
Spring L. (north) 1.90 106.68 251.50 117.50 8.90 3551 180 
Spring L. (south) 4.54 49.53 297.75 151.25 8.48 3551 180 
Staunton L. 0.50 72.81 345.83 128.33 8.03 3855 183 
Sterling L. 8.54 137.20 625.00 150.00 7.99 2755 175 
Tecumseh L. 7.13 63.50 47.00 130.00 6.40 4306 193 
Tower L. 0.88 30.50 600.00 171.00 8.55 2694 158 
Turner L. 0.33 208.30 320.00 228.00 8.30 2694 158 
Vandalia L. 0.64 80.86 214.17 75.83 7.87 3611 171 
Appendix C. (continued) 
Lake name Retention Secchi Conductivity Total pH Growing degree Growing 
time (years) (cm) (^mhos/cm) alkalinity days (base 50°F) season (days) 
Vemor L. 1.80 4292 206 
Virginia City R. 0.40 48.77 510.00 164.00 7.99 3555 179 
Wabiut Point L. 0.32 70.27 382.67 145.56 8.32 3546 182 
Walton Park L. 0.15 39.60 344.00 110.00 8.12 3855 183 
Washington Cnty L. 0.42 59.18 305.00 99.00 8.30 4071 193 
Waverly L. 0.07 59.27 429.00 163.33 7.38 3822 176 
Weldon Springs L. 0.74 172.72 411.89 188.89 8.19 3263 175 
Wilderness L. 0.79 213.36 535.00 153.00 7.66 2694 158 
Wildwood L. 1.81 213.36 235.00 70.00 7.35 3233 172 
Wolf L. 6.18 83.19 302.00 71.50 8.80 2996 165 
Wood L. 0.22 91.20 420.00 118.00 8.34 3561 183 
Total alkalinity given as Mg/1 of CaCOa 
Retention time: the period of time a mass of water remains in an impoundment. Calculated as storage 
capacity in watershed equivalent inches divided by annual runoff in inches per square mile per year. 
Storage capacity in watershed equivalent inches is the depth of water that would result if the volume of 
water in the lake were allowed to cover the entire drainage basin at a uniform depth. Average annual 
runoff was calculated from maps provided by Upper Mississippi River Basin Study Commission (1970) as 
shown in lEPA (1978). 
Growing degree days: the difference between average daily temperature and the base of SCF for each day 
summed over the entire year. 
Growing season: number of days between the last low of 32°F in the spring and the first 32°F day in the fall. 
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SECTION IV 
ANALYSIS OF FACTORS INFLUENCING FISH COMMUNITY 
STRUCTURE IN ILLINOIS LAKES 
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INTRODUCTION 
The manipulation of a fish population, which is the goal of most fisheries 
management activities, often results in impacts on many other aspects of the 
fish community. In fact, the success of a management activity may depend 
upon adequate knowledge of the interrelationships between the target 
population and the populations with which it interacts (Carline 1986), yet our 
ability to predict, monitor, and evaluate community change is poor. The ability 
to predict fish community structure has six major applications to fisheries 
(Tonn et al. 1983): (1) to provide advice on fishery values and limitations of 
particular lakes, (2) to avoid inappropriate or wasteful management, (3) to form 
regional lake management plans, (4) to provide explanation for suitability of 
certain lakes for particular management practices, (5) to classify or predict fish 
assemblages of other lakes within the bounds of the particular model, and (6) to 
identify rare or unique assemblages or habitats. 
In order to understand fish communities one must first evaluate the 
plethora of ecological factors that may influence fish community structure. 
Evans et al. (1987) provided a rough hierarchy for analysis by looking at two 
major levels of factors. The first level, consisting of total (community) fish 
production, was primarily determined by energy, edaphic factors, and nutrient 
effects. The second level, actual community structure in temperate lakes, was 
dependent upon habitat characteristics modified by intra- and inter-spedfic 
interactions (Evans et al. 1987). Therefore, any generalized model of fish 
community structure must incorporate at least these two levels of complexity; 
i.e., the exogenous influences of geology and energy, and the endogenous factors 
of habitat, prédation, and competition. 
In addition to the early work relating fish production to mean depth 
(Rawson 1952; Rawson 1955) and Ryder's morphoedaphic index (MEI) (Ryder 
1965), a variety of other environmental variables have been implicated in 
influencing levels of fish production or yield (see Section III or Carline (1986) for 
reviews). These single variable or multivariate regression models vary 
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substantially in the amount of variation that they explain. At best, it can be 
expected that future refinements to these models will elevate their predictive 
capabilities to 80-90% of the variation in standing crop or yield of fish from 
reservoirs (Carline 1986). Unfortunately, these indices provide littie predictive 
ability for assessment of fish community change in response to perturbation 
(e.g., fisheries management). 
The logical extension of total yield predictors is to investigate the 
relationship between lake characteristics and individual species or groups of 
species. Torm et al. (1983) were able to predict community types in small 
northern Wisconsin bog lakes based on a limited set of environmental 
variables. Ploskey and Jenkins (1982) were able to relate biomass of various 
reservoir fish groups (benthic feeders, zooplanktivores, etc.) to envirorunental 
variables. However, they concluded that much of the variation in the reservoir 
communities that they evaluated could have been attributable to mortality 
largely related to seasonal prey fluctuation. Again, this emphasizes the utility of 
assessing influential variables at more than one level of organization. It also 
emphasizes the need for monitoring aspects of the fish community other than 
that targeted by specific management action. 
Various indices have been developed to assess individual species change (e.g. 
proportional stock density, Anderson (1976)) or relationships among simple 
groups of species (Swingle 1950). More recently, the role of interspecific 
interactions has been elevated by the theories of cascading trophic interactions 
(Carpenter et al. 1985) and its application to managing lakes, termed 
biomanipulation (Shapiro and Wright 1984). Briefly, this school uses trophic 
interactions between adjacent levels to alter fish populations, zooplankton and 
phytoplankton biomass and, eventually, water clarity. In one hypothetical 
example, increased piscivore biomass leads to decreased planktivore biomass, 
the result being increased herbivore biomass, reduced phytoplankton and 
greater water transparency (Carpenter et al. 1985). 
Therefore, it is feasible to provide rough estimates of overall lake yield or 
productivity and even community types (in simple systems) based on a limited 
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set of environmental characteristics. It is also possible to make predictions 
regarding the effects of manipulation of specific trophic levels on the abundance 
of adjacent trophic levels. What remains to be elucidated is an overall approach 
to community structure prediction in lakes such that managers can (1) 
accurately predict the community structure that a particular lake can support 
and (2) be able to make reasonable predictions of the effects on one aspect of a 
community when another portion is manipulated either through management 
action or some other form of environmental perturbation. 
In this paper, I utilize a database of Illinois lakes to explore the main factors 
affecting fish community structure and ask several questions: (1) Are there 
simple patterns in species abundance that can be related to lake characteristics? 
(2) What are the main factors influencing community structure in Illinois 
lakes? (3) Does a simple classification of lakes based on environmental factors 
adequately summarize lake fish community structure variation? and (4) Are 
guild systems useful in summarizing species variation among lakes? 
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METHODS 
Fisheries Data 
Data for this analysis were taken from the Fisheries Analysis System (FAS) 
database (Bayley and Austen 1989). As part of FAS, fish population sampling 
using a variety of gears such as AC boat electrofishing and gill netting was 
performed by the Illinois Department of Conservation (IDOC) as discussed in 
Section I. From the entire FAS database I first selected lakes based on minimal 
sampling requirements (Section I). Briefly, I included only lakes sampled with 
at least two overnight sets of a 38.1 m experimental gill net (stretch mesh sizes of 
3.8,5,7.6,10.2, and 12.7 cm) and a predetermined amount of AC boat 
electrofishing (for list of lakes see Appendix 1). The amount of boat 
electrofishing required depended upon lake size, but in those lakes with the 
minimal amount of gill net sampling there was always sufficient electrofishing 
to meet sampling requirements. These criteria were based on an analysis of 
IDOC fish population sample data which suggested that most of species in the 
lakes were captured by these levels of effort (see Section I). 
Because these lakes varied greatly in characteristics that are known to affect 
sampling efficiency (inshore mean depth and weed cover; Bayley and Austen 
1987) the data must be corrected to account for the differences. Thus raw 
electrofishing and gill net data from the IDOC population samples were 
corrected for sampling efficiency using logistic regression models (Appendix 2) 
based on the data of Bayley and Austen (1987) and procedures outlined in Bayley 
and Dowling (1990). Application of these equations produced length-frequencies 
of fish which, for electrofishing, were corrected for sampling efficiency as 
affected by fish length, length squared, weed cover, and mean depth of the 
inshore zone (inshore zone being 10.9 m out from shore, i.e. the average for 
electrofishing calibration samples in Bayley and Austen (1987). Efficiency 
equations for gill net data incorporated only fish length and length squared. 
Weed cover (percent of inshore zone surface area with visible weeds at water 
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surface) was estimated by the IDOC biologist at time of sampling. Inshore mean 
depth was estimated by creating a curve for each lake relating mean depth to 
distance from shore to each depth contour. The mean depth at the 10.9 m 
contour was then interpolated from the curve. Because lakes used in the 
efficiency calculations of Bayley and Austen (1987) had maximum inshore 
depths of less than 3.0 m, only lakes in FAS with lesser calculated mean inshore 
depths were included. Finally, because the length range of fish in Bayley and 
Austen (1987) could not include all fish captured in the IDOC samples, only fish 
in the FAS database within similarly defined length ranges were selected (see 
Appendix 2 for these length ranges). Biomass estimates were obtained simply by 
multiplying the corrected length-frequency data by parameters from statewide 
length-weight regression formulae (Appendix 3). 
Using an average electrofishing boat speed of 0.43 m/sec (Bayley and Austen 
1987) and a calibrated electrofishing zone width of 10.9 m, one hour of 
electrofishing sampled an average of 1.69 ha of water. Also, based on average 
area of zones sampled in gear calibration experiments, I used 5 ha as the 
effective area sampled per gill net (Bayley and Austen 1987). For each lake, I 
separately averaged the estimated biomass from electrofishing and gill net 
samples. Using the shoreline length and an effective electrofishing sampling 
width of 10.9 m, I estimated a total inshore area for each lake and multiplied this 
by the biomass per hectare for electrofishing. For gill nets, I subtracted the 
inshore area from the total lake surface area to obtain gill net sample area. The 
average gill net biomass per hectare was then multiplied by this value to get 
effective biomass from gill net data. A summation of the electrofishing and gill 
net biomass was divided by the lake surface area to obtain an average biomass 
per hectare. 
In addition to assessing individual species, I utilized the guild concept (Root 
1967) which groups together species with similar resource utilization. The use 
of guilds allows three major advantages over using individual species as the 
unit for analysis. First, in a state with a large north-south gradient, such as 
Illinois, there are species whose range may not extend over the entire spectrum 
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of lakes in the data set (e.g. pumpkinseed is only found in northern Illinois). 
Thus, by using guilds I was able create a "common currency" to compare lakes 
with different species assemblages, but whose community may be similarly 
structured in terms of relative abundance of species or groups of species with 
similar ecological roles. Second, with a large number of species and limited 
number of samples it is often difficult to insure that patterns detected are truly 
meaningful. Grossman et al. (1991) suggested using a minimum of three times 
as many samples as species. The guild systems as applied (Section II) here are 
comprised of 10-11 groups and thus meet this recommendation. 
These procedures resulted in an m x n species matrix with 41 lakes as rows 
(m) and species or guilds as columns (n). 
Limnological Data 
Water chemistry data were obtained from several sources including the 
IDOC, Illinois Natural History Survey (INHS), and the Illinois Environmental 
Protection Agency (lEPA) and are discussed in detail in Section HI. Water 
chemistry data were obtained only from samples taken during the last two 
weeks of July or the first two weeks of August. If several values were obtained 
for a lake the mean value was used. I estimated lake morphometry parameters 
using hydrographie maps obtained either from the lake owner (e.g. power 
company, municipality, etc.) or produced by INHS field crews. These maps were 
digitized into the ARC/INFO geographic information system and parameters 
estimated from these digitized coverages. In all, data for 18 water chemistry and 
morphometry parameters were estimated (Table 1, but see Section III, Appendix 
A, B, and C for raw data). 
Because many of these parameters were correlated (Section HI), I used 
principal components analysis (PCA) to summarize the data and create 
uncorrected factors that could be used in further analysis (Section HI). The four 
factors are the PCA factor scores and theydescribe four major groups of variables; 
(1) lake size - a combination of surface area, shore length, watershed area, and 
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Table 1. Descriptive statistics of several characters for the 41 Illinois lakes used 
in this analysis. 
Character Mean Minimum Maximum 
Surface area (ha) 788.6 7.4 9947.5 
Maximum depth (m) 9.5 2.13 24.69 
Mean depth (m) 3.28 0.54 6.04 
Shore length (km) 36.81 1.16 276.75 
Shoreline development index 4.35 1.18 14.22 
Volume development index 1.14 0.32 2.49 
Watershed (ha) 30528.0 10.0 694120.0 
Retention time (y) 3.74 0.19 44.94 
Volume (m3) 32234.0 109.7 385283.9 
Age (from 1988) 44.34 7 128 
Secchi depth (cm) 95.3 29.0 609.6 
Conductivity (umhos/cm) 436.6 97.7 1829.7 
PH 8.42 6.94 9.83 
Total alkalinity (mg/1 CaCOa) 126.2 30.8 261.3 
Pet. vol. littoral 0.45 0.14 0.99 
Pet. area littoral 0.32 0.04 0.93 
Growing season (d) 177.9 152 206 
Growing degree days (50°F base) 3472.2 2694 4306 
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volume, (2) north-south gradient - which is comprised of growing degree days, 
growing season, and total alkalinity, (3) depth and retention time - with major 
weighting on maximum depth, mean depth, and retention time and, (4) littoral 
zone - comprised mainly of percent of surface area over littoral zone and 
percent volume of lake in littoral zone. The values for each of these four factors 
for each of the 41 lakes were formatted into anmxn environment matrix 
comprised of 41 lakes as rows (m) and the 4 factors as columns (n). 
Statistical Analyses 
Species-area relationships, species richness, and species abundance curves 
were formed from the species by samples matrix discussed above. I assessed 
correlates of species richness using Pearson correlation coefficients with 
Bonfferoni corrected probabilities. Species abundance patterns were investigated 
by plotting logio of species abundance against rank of species in terms of 
abundance. Type of curve (log series, log normal, dynamics model (Hughes 
1986) was visually assessed. Evenness of species distribution in each lake was 
estimated using the equitability measure (E) which is based on Simpson's 
diversity index (Begon et al. 1986). Equitability ranges from zero to one with 
zero indicating extreme inequitability and one indicating an even distribution of 
abundance among species. The equation is as follows: 
l/ŒPi2) 
S 
where: P, = proportion of individuals in the sample 
contributed by species i. 
S = total number of species in the sample 
The species by samples and environment by samples matrices were 
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concurrently analyzed using the multivariate direct gradient technique of 
canonical correspondence analysis (CCA) (ter Braak 1986) as implemented in 
Canoco (ter Braak 1988). CCA is a weighted averaging technique that assumes a 
unimodal (Gaussian) species response curve with respect to the environmental 
gradients (ter Braak and Prentice 1988). The result of CCA is an ordination 
diagram that illustrates the main patterns of community variation and also the 
patterns of the weighted averages of each of the species with respect to the 
environmental variables (ter Braak and Prentice 1988). Plots of the axes 
resulting from CCA analysis (joint plots) display the location of lakes and species 
in relation to each other, i.e., species that tend to occur together or in similar 
environments are located close together in the plots. The environmental axes 
are shown as lines extending from the origin and pointing in the direction of 
greatest variation. Approximate location of species or lakes in terms of the 
influence of each environmental variable can be located by drawing 
perpendicular lines from the environmental axes to each species or lake. To test 
the significance of the first ordination axes, I ran Monte Carlo permutation tests 
in which the sample numbers of the environmental variables are randomly 
permuted thus creating a "random" data set (ter Braak 1988). After each 
permutation a new CCA is run and eigenvalue calculated. If the species actually 
are influenced by the original environmental variables, the eigenvalues 
resulting from the permuted data sets would be smaller than that obtained 
orginally. For all data sets, 100 permutations were run and in no case did a 
larger eigenvalue occur. The significance of the second, third, and fourth axes 
could also be tested in a similar manner by entering the previous axes as 
covariables, but this was not attempted in the present analysis. 
CCA was run on the original species x samples matrix (biomass) and on the 
guild X samples matrices (Balon' reproductive guilds and Austen's spawning 
and trophic guilds). In CCA the number of environmental variables must be 
less than the number of sites but, unlike canonical correlation analysis, the 
number of taxa may exceed the number of sites (ter Braak 1986). 
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RESULTS 
Species Richness 
The number of spedes in Illinois lakes varies considerably. Several large 
lakes contain over 30 species (e.g. Heidecke, 36; Shelbyville, 32) while small 
isolated lakes may contain less than 10 (e.g., Jones State Lake, 8; Ramsey Lake, 6). 
The number of species present in Illinois lakes was best predicted by loge of lake 
surface area (ha) with a simple linear model (Figure 1, top): 
Number of species = 5.443 + (2.273 x (loge surface area)) 
(n = 41, r = 0.630, SE = 5.115, P < 0.001) 
or by a multiple regression model with loge surface area and loge conductivity 
(Figure 1, bottom): 
No. of species = -19.493 + (1.985 x (loge surface area)) + (4.444 x (loge cond.)) 
(n = 41, r = 0.719, SE = 4.639, P < 0.001) 
Only Factor 1 of the four principal components used to describe lake 
environmental variables was significant, but the variance explained by this 
factor was less than that of surface area alone (Table 2). 
When grouped by lake categories (see Section HI), the mean species richness 
differed significantly between several of the lake categories (Table 3, Figure 2). 
However, because of sample size heterogeneity, only 5 of the 11 lake categories 
were included in the analysis (i.e., those categories containing more than two 
lakes). This result was not unexpected due to the significant relationship 
between species richness and lake surface area and the selection of lake area as a 
primary component in the lake classification system. 
To discern whether district biologists obtained accurate species counts, I 
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Figure 1. Top, number of species found in 41 Illinois lakes as related to loge 
surface area (ha) with number indicating IDOC district. Lower, 
species richness response surface for predictive model (see text). 
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Table 2. Correlation coefficients between species richness and principal 
components factors. 
Number Factor 1 Factor 2 Factor 3 Factor 4 
of species 
Factor 1 0.582 » 1.000 
Factor 2 0.207 -0.223 1.000 
Factor 3 0.205 0.285 0.117 1.000 
Factor 4 -0.032 -0.026 -0.124 0.320 1.000 
Loge area 0.630 * 0.894 -0.184 0.286 0.184 
* significant at the 0.05 level (Bonferroni adjusted). 
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Table 3. Result of one-way analysis of variance testing for differences in species 
richness among lakes of different categories (B, F, G, H, J). Mean species 
richness for all 9 categories used in this study is also given with 
Tukey's HSD test showing significant differences found between groups 
tested in the ANOVA. 
Analysis of variance 
Source Sum of squares DF Mean square F Probability 
Between groups 503.331 4 125.833 3.597 0.016 
Within groups 1049.412 30 34.98 
Lake Sample Mean species 
group size richness Minimum Maxii 
A 1 16 — — 
Bi 8 14.75 12 21 
C 2 13 13 13 
D 1 8 
E 2 15.5 13 18 
F2 10 14.4 6 26 
G 7 20.3 10 36 
HI,2 6 24.3 15 32 
J 4 15.8 11 19 
1: Groups B and H significantly different at P = 0.040 by Tukey's HSD. 
2: Groups F and H significantly different at P = 0.022 by Tukey's HSD. 
40 
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Figure 2. Top, spedes richness for 41 Illinois lakes with lake group codes and 
linear regression line (see text). Lower, box plot of spedes richness 
for five lake groups tested by ANCOVA (see text). Center line of box 
plot indicates median value, upper and lower ends of box indicate 1st 
andSrd quartile, upper and lower end of line represents inner fences. 
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plotted the number of spedes per lake against loge lake surface area and 
represented each lake on the plot with the IDOC district number (Figure 1, top). 
First I tested the covariates of loge surface area and loge conductivity for 
interactions with district number, and found no significant interaction (P > 
0.10). Next, using the same five lake groups, an analysis of covariance was 
performed using the district number as the independent variable, the covariates 
loge surface area and loge conductivity, and with the dependent variable being 
species richness. District was not significant (P = 0.746) indicating that there was 
no linear relationship between district and species richness and, therefore, no 
reason to suspect bias in the sampling and identification of species among 
district biologists. 
Species abundance patterns (Figure 3) of eight lakes, selected to span the 
spectrum of lake sizes, indicated that abundance patterns may vary dramatically 
from lake to lake but appear to be consistent within a lake over years. Of the 
eight lakes plotted, three of the four large lakes (Braidwood, Carlyle, and 
Heidecke) all exhibit a distribution described by a convex curve. Such a curve 
suggests a relatively small number of very abundant species, a large number of 
moderately abundant species, and a moderate number of relatively rare species. 
This curve appears to be best described by the dynamics model of Hughes (1986). 
In general, only one or two species numerically dominated the communities. In 
Braidwood Lake, gizzard ishad dominated the first year with carp being most 
abundant in the succeeding 5 years. In Carlyle Reservoir, freshwater drum and 
gizzard shad dominated while in Heidecke Lake, freshwater drum was the only 
species to attain high abundances relative to the others in the lake. Lake 
Springfield, also a large reservoir (1582 ha) had a more evenly distributed fauna 
with several species being very abundant, often simultaneously (freshwater 
drum, gizzard shad, white bass, white crappie, and yellow bass). 
The smaller lakes (Beaver Dam, Dawson, McCullom, and Weldon Springs) 
showed much more variation in the abundance distributions and an 
approximate linear response thus indicating a more even species-abundance 
distribution. As indicated by the generally abrupt ending of the right-hand side 
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Figure 3. Logjo of species abundance (vertical) plotted against species 
abundance rank (horizontal). Same-year points are connected 
and year symbols shown are used on all subsequent graphs 
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of the curves, these lakes also have fewer of the rarer species found in the larger 
lakes. This may result from the more isolated nature of these lakes as opposed to 
the large reservoirs located on higher order streams (in general, most of the 
lakes less than 100 ha are located on intermittent streams). Another cause of 
fewer rare species may be the greater susceptibility of smaller lakes to climatic 
factors such as winterkill, summerkill, or drought. 
Equitability of species abundance in the lakes was negatively related to loge 
surface area (P < 0.002) and number of species in the lake (P < 0.001) (Figure 4). 
Therefore, as the community became more diverse in terms of species richness, 
the evermess of species abundance decreased; larger communities contained 
relatively more highly abundant and rare species than simple communities. 
Direct Gradient Analysis 
Whole community analysis 
Canonical correspondence analysis of the original species biomass matrix 
(42 X 41) in conjunction with the environmental matrix (41 x 4) indicated that 
the first three axes accounted for the majority of the variation as indicated by the 
large eigenvalues in relation to that of axis 4. (Table 4). The species scores 
shown in the body of Table 4 must be interpreted in light of the weight given 
these values; "weight" being the weighted total biomass of a species, i.e. species 
with lower weight have less influence on the ordination. The first axis was 
heavily weighted by bowfin, northern pike, redear sunfish, and white crappie. 
The second axis is dominated by black bullhead, freshwater drum, green sunfish, 
and gizzard shad. A species such as largemouth bass, however, was heavily 
weighted and has a high effective number of occurrences but has moderately 
low scores on all axes. This may be indicative of its ubiquitous nature and, 
therefore, lack of usefulness in defining distinct fish communities. 
Lakes with fish communities dominated by the species most heavily 
weighted in the CCA axes tend to be differentiated from other lakes in the 
ordination diagram (Figure 5). For example. North Spring Lake is the only lake 
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Figure 4. Relationship between Simpson's equitability (E) and loge lake 
surface area (top). Line indicates simple linear regression: 
E = 0.392 - (0.026) x (In ha) (n=41, r=-0.468, SE=.088, P=0.002). 
Bottom figure relates equitabUity to number of species (NS): 
E = 0.447 - (0.016) X (NS) (n=41, r=-0.558, SE=0.083, P < 0.001) 
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Table 4. Summary of CCA ordination of full species x sites matrix. 
Axis 
1 2 3 4 Total Inertia 
Eigenvalue .5643 .4241 .3449 .1576 4.529 
Pet. variations 12.5 21.8 29.4 32.9 
Axis Score 
Species 1 2 3 4 Weight _N2b_ 
BGB -.0802 -1.3372 1.4366 -1.2812 .09 1.15 
BLB .5906 1.1296 .3669 .2285 323.29 2.25 
BLC -.0884 .4421 -1.0159 .0526 2004.21 2.10 
BLG -.1578 .4218 .0715 -.1940 2235.63 9.15 
BLS .5550 1.8811 .9975 1.9406 7.11 1.76 
BOW 3.0334 .6061 1.0220 -.1313 361.92 1.00 
BRB 2.3967 .2959 2.5990 -1.2829 3.39 1.05 
BRS .7368 -.0556 -.3798 5086 1.22 3.85 
CAP .0527 -.2130 -.5091 .2077 5182.30 3.88 
CCF -.2413 -.1098 .2118 .0466 168151 16.64 
EMS .8682 .1819 .2627 -.0761 .00 1.00 
FCF -.0727 -1.7367 -.0408 -1.3019 .07 151 
FHM 1.0665 .3108 -.7642 .4088 .27 1.73 
FRD -.1939 -1.5882 .5550 .2736 1844.12 5.43 
GOF .4453 .1618 -.4171 1.5233 .01 1.96 
GOR -.5061 .6801 .0787 .9651 .00 1.00 
GOS 1.3123 .2913 -.0342 -.0651 148.72 5.82 
GRP 2.8394 .6233 .9606 -.1438 4.34 1.18 
GSF -.7718 .9063 .9928 .9879 1412.75 2.18 
GZS -.1982 -.8020 .1961 -.5141 1817.65 11.07 
LMB -.3539 .4103 .4217 -.4193 2906.00 12.13 
LOS -1.1775 .0466 .6119 .0784 17.43 2.59 
MUE .7728 -.7049 -.5262 5094 .17 1.33 
NOP 2.4212 .0997 .2260 .0181 1217.29 1.88 
PUD 1.9297 .9747 .5830 .6893 37.78 3.23 
RSF -.9760 1.0680 .3398 -.6324 464.85 2.27 
RVC -.1995 -.8734 -.1196 -.1113 2.39 2.63 
SAB -.3100 -.7490 -1.3820 .8400 75.41 1.05 
SHR -.3180 -.7862 -1.3030 .8839 .02 1.10 
SMB -3926 -.8360 .0739 2.5118 2.99 1.34 
THS -.6255 -.1211 5213 -.4762 5.63 2.46 
ULL -.4393 -1.6323 .7659 1.3779 5.80 1.79 
WAE -.3184 .1636 .5199 .3533 29.87 3.33 
WAM -.2049 .2308 -1.2578 .0099 78057 1.22 
WHB .1931 -1.8856 -.0490 .0824 51.62 3.73 
WHC -.4338 .0766 .2736 -.6732 833.82 3.12 
WHS .8473 .4345 -.3245 1.1147 26.98 3.67 
YEB -.7225 -.3693 .7122 1.6372 44.49 1.71 
YEP .8018 -.2833 -.4993 .6471 7.00 3.14 
a Cumulative percentage of species by environment variation accounted for. 
b Effective number of occurrences, analogous to N2 diversity (Hill 1973). 
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Figure 5. First (horizontal) and second (vertical) axes of canonical 
correspondence analysis joint plot of fish biomass data from 41 Illinois 
lakes. Three letter species codes are defined in Section I, Table 1. Lake 
locations and limnological descriptions are given in Section HI, 
Appendices A, B, and C. 
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in the dataset with a substantial biomass of brown bullhead. Turner Lake had 
high biomass of bowfin and grass pickerel, and McCuUom Lake had the highest 
biomass estimate for northern pike. The underlying environmental gradients 
(Figure 6) appear to be approximately equally weighted among the four factors 
(FACT1-FACT4) in the diagram, the relative contribution of each factor being 
approximated by the length of the arrow (ter Braak 1986). Northern pike, brown 
bullhead, grass pickerel, and bowfin are most associated with FACT2, the 
alkalinity and growing season factors. Most of the lakes with high scores on this 
axis (farthest to the right in Figure 6) are located in the northern part of the state. 
The lake size factor (FACTl) is strongly associated with several of the large 
reservoirs (Carlyle, Shelbyville, Springfield, etc.) and also with species typically 
found only in these larger water bodies such as freshwater drum, quUlback 
carpsucker, river carpsucker, flathead catfish, and white bass. 
Guild analysis and lake classification 
When the fish community is summarized by guild systems (Balon's 
reproductive guild or Austen's spawning or trophic guilds; Section II) the 
ordination diagrams are simplified. Similarly, if lake class (Section m) is 
substituted for the individual lakes, a picture of the value of the classification 
systems emerges. 
The ability of the CCA to summarize the datasets is best measured by the 
eigenvalues associated with each separate ordination (Table 5). For all guilds, 
the first two axes accounted for the vast majority of the variation. The third axis 
accounted for a substantially smaller amount and the fourth axis added little to 
the analysis. For the trophic guild system the fourth axis appears to be 
somewhat more important than in the other ordinations. In all cases, Monte 
Carlo permutation tests of the first axis showed that it was significant and P < 
0.01. 
The ordination plot of Austen's spawning guilds showing the first and 
second axes (Figure 7) illustrates the differentiation of lake types as related to the 
biomass of various individual guilds. Lake type J, characterized by small, deep. 
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Figure 6. First and second axes of the CCA joint plot of species and 
environmental factors (FACTl-4). Environmental factors are defined 
in text, species codes are defined in Section I, Table 1. Direction and 
length of environmental factor lines indicate direction of greatest 
variation and relative importance, respectively. 
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Table 5. Eigenvalues of canonical correspondence analysis of the same species x 
samples matrix as summarized by reproductive guild definition of 
Balon and Austen's spawning and trophic guilds as defined in Section 
II. In parentheses below each eigenvalue is the cumulative percentage 
of variance of the fitted species values that can be explained by each 
of the CCA axes axes. 
Axis Total 
Guild type 1 2 3 4 inertia 
Balon reproductive guilds 0.408 0.225 0.075 0.007 1.814 
(57.0) (88.5) (99.0) (100.0) 
Austen's spawning guilds 0.386 0.367 0.124 0.010 2.124 
(43.5) (84.9) (98.9) (100.0) 
Trophic guilds 0.256 0.168 0.063 0.028 1.519 
(49.6) (82.3) (94.6) (100.0) 
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Figure 7. First (horizontal) and second (vertical) axes of the CCA joint plot of 
lakes as indicated by their lake group (A-K, not shown are I and K) and 
spawning guild biomass (Sl-SlO, not shown is S7). Lines around 
similar lake category points are for visualization purposes only. 
217 
northerly located lakes with moderate littoral zones was associated with guild S9 
consisting primarily of esocids. Lake class H, consisting of large, centrally located, 
moderately deep lakes with small littoral areas, was most associated with guilds 
SIO (freshwater drum, gizzard shad, and striped bass) and S8 (white bass, yellow 
bass, and bigmouth buffalo among others). However, there is some variation in 
community composition within each of the lake types as indicated by the mixed 
occurrence of different lake types in the same general area of the diagram. The 
addition of the third axis (Figure 8) allows further distinction of the 
communities and, thus, separation of the lake types. 
The addition of the environmental variables to the ordination diagram 
(Figure 9) emphasizes the previously discussed association of freshwater drum 
and gizzard shad (guild SIO) with larger, deeper lakes (FACTl and FACTS). 
Although gizzard shad is common in smaller lakes it appears to be at its greatest 
biomass per unit area in larger water bodies. Several of the other guilds, S9, S2, 
and S6, seem to not be well associated with any of the environmental axes. Each 
of these guilds is relatively large and diverse (only SI contains more species 
than these three) and this diversity may result in a variety of finer scale 
environmental factors influencing the guild members. 
For Salon's guild system the ordination diagram shows more mixing of 
lakes of different types, but with a group of "H" lakes being a distinct group 
(Figure 10). The environmental axes (Figure 11), however, appear to be better 
related to the guilds. The lake size component (FACTl) is associated with guilds 
A.1.1 and A.1.2, the pelagophils and litho-pelagophils, respectively. Alkalinity 
and growing season (FACT2) is influential in the biomass of guild A.1.5, the 
phytophils, consisting of the Esocidae, carp, goldfish, and two species of buffalo. 
Although the eigenvalues for the trophic guild ordination were the lowest, 
the CCA joint plot of the first two axes shows that lake within each lake category 
are positioned closest together in this analysis (Figure 12). Lake type "H", is best 
characterized by T3 (gizzard shad, threadfin shad, fathead minnow), T8 
(carpsuckers, freshwater drum, redhorses, white sucker), and T9 (flathead 
catfish). The lake size factor is associated with the large lakes and the groups T3, 
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Austen's spawning guilds and environmental factors (FACTl-4). 
Environmental factors are defined in text and Section III, guild codes 
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Figure 10. First (horizontal) and second (vertical) axes of the CCA joint plot of 
lakes as indicated by their lake group (A-K, not shown are I and K) 
and biomass of Salon's reproductive guilds (A,l.l, etc., defined in 
Section II). Lines around similar lake category points are for 
visualization purposes only. 
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Figure 11. First (horizontal) and second (vertical) axes of the CCA joint plot of 
Salon's reproductive guilds and environmental factors (FACTl-4). 
Environmental factors are defined in text and Section III, guild codes 
are defined in Section II. Direction and length of environmental 
factor lines indicate direction of greatest variation and relative 
importance, respectively. 
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Figure 12. First (horizontal) and second (vertical) axes of the CCA joint plot of 
lakes as indicated by their lake group (A-K, not shown are I and K) 
and trophic guild biomass (T1-T9; see Section H). Lines around 
similar lake category points are for visualization purposes only. 
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Figure 13. First (horizontal) and second (vertical) axes of the CCA joint plot of 
trophic guilds and environmental factors (FACTl-4). 
Environmental factors are defined in text and Section HI, trophic 
guild codes are defined in Section H. Direction and length of 
environmental factor lines indicate direction of greatest variation 
and relative importance, respectively. 
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T8, and T9 (Figure 13). Carp and bigmouth buffalo (T6) are closely associated 
with the depth (FACT3) and the littoral zone axis (FACT4). T4 (goldfish) appears 
to be most influenced by FACT2 (alkalinity and growing season). 
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DISCUSSION 
Species Richness 
Previous studies of fish community composition have been based on a 
wide variety of data sources. The work of Jenkins (1976; 1977) with the U.S. Fish 
and Wildlife Service reservoir research team utilized cove rotenone data, often 
uncorrected for efficiency. Tonn (1982) used a composite index based on an 
assortment of gears, none of which were corrected for biases. Similarly, Harvey 
(1978; 1981), Marshall (1987), and Persson (1991) relied solely on uncorrected gill 
net catches to assess community structure. As shown in Section I, gill net 
catches are highly species selective and, when used alone or even as pooled 
fleets, would show a biased picture of the community. In this dissertation, a 
combination of electrofishing and gill netting, corrected for known bias, is used 
to estimate community composition. This should provide an improved view 
of fish communities over that of previous investigations. 
Species richness has been related to a plethora of environmental variables 
(Table 6). The two regression models developed here, although significant in 
terms of the relationship, accounted for only 40% and 52% of the variation with 
a single or two variable model, respectively. With the exception of conductivity, 
none of the 18 other variables provided any increased explanatory power. By 
looking more closely at the outliers in the regression it is easy to explain some of 
the variation. Two moderately large lakes, Heidecke (36 species) and Braidwood 
(30 species), are power plant cooling lakes and obtain water from the Illinois and 
Kankakee Rivers, respectively. These large rivers would provide a continual 
source of species that may not otherwise be able to persist in the cooling lakes. 
Ramsey Lake (6 species), may have been underestimated due to incomplete fish 
capture or reporting by the biologists. 
The implication that lake area influences species richness may be more 
complex than the simple linear relationship suggests. Lake area is correlated 
with several other variables including watershed size, shoreline length, and 
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Table 6. Relationships between species richness and various environmental 
factors. Model types: S = single variable model, M = multiple 
regression. 
Independent variables tested 
Model 
tvpe 
Percent of 
variation 
explained Source 
Surface area (acres) S 56 Eadie and Keast (1984) 
Surface area S 16 Robinson and Tonn (1989) 
Lake area S 66 Harvey (1978) 
Surface area S 30 Barbour and Brown (1974) 
Shoreline development S 18 Eadie and Keast (1984) 
Benthic prey density S 27 Eadie and Keast (1984) 
pH S 32 Robinson and Torm (1989) 
Lake volume S 71 Harvey (1978) 
Maximum depth S 56 Harvey (1978) 
Mean depth S 45 Harvey (1978) 
Morphoedaphic index S 19 a Harvey (1978) 
Flushing period S 42 Harvey (1978) 
Latitude S 64a Barbour and Brown (1974) 
Growing season S 54 Barbour and Brown (1974) 
Volume, flushing rate, 
maximum depth M 77 Harvey (1978) 
a indicates that correlation was negative, all others were positive 
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volume. It is also correlated, albeit less strongly, with mean depth and 
maximum depth. All of these variables could be considered as descriptors of 
habitat availability. The linkage between habitat diversity and lake size in 
determining species richness suggests that there may be a minimum quantity of 
habitat required for species existence (Minns 1989). Eadie and Keast (1984) and 
Harvey (1978) also found species richness to be related to the number of habitats 
in an area (between habitat diversity) and the variation within the physical 
environment (within habitat diversity). For some species a large stream or river 
is required for spawning (striped bass, several redhorse species) and this may 
occur in some of the larger lakes (although not for striped bass in Illinois). 
However, the influence of stream order of the outflowing stream was tested as a 
predictor of species richness and was found to not be significant. 
The "lakes as islands" hypothesis (Browne 1981) presents three possible 
hypotheses for the spedes-area relationship; (1) a sampling phenomenon, (2) 
habitat diversity, and (3) the area hypothesis. First, the sampling phenomenon 
refers to larger areas being colonized by larger numbers of species simply due to 
chance. This theory ignores important population processes (e.g., competition) 
and habitat diversity and has little support. The second hypothesis, habitat 
diversity, relates to the increasing habitat diversity with increasing lake size (as 
discussed above). Experience on reservoirs of all sizes leaves little doubt that 
larger reservoirs generally contain a greater diversity of habitats than small 
ones. This is true both in the increased pelagic zone available in large lakes and 
in the greater diversity of shoreline habitats. It seems logical that this diversity 
of habitats would lead to increased species diversity. Finally, the area hypothesis 
pertains to greater immigration rates in larger lakes than smaller ones. In lakes 
and reservoirs, as opposed to terrestrial islands where island biogeography was 
first elucidated, the only routes of immigration are through stocking (either 
intentional on non-intentional) or inflowing rivers. On smaller lakes with 
inflowing streams being generally intermittent, it is doubtful that much 
immigration from that source exists. However, almost any lake is susceptible to 
stocking, although no such effects were found in this analysis. 
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Species-Abundance Curves 
The difference in fish species richness between lakes of varying sizes 
suggested that larger lakes would contain not only a larger total number of 
species, but a larger number of rarer species. These would be the species that can 
survive only in a limited range of habitats or that are unable to spawn in 
reservoirs but move, possibly randomly, from another source such as an 
inflowing river. The spedes-abundance curves suggested that this was true; 
larger lakes exhibited concave curves suggesting a few highly abundant species, a 
middle class of moderately abundant species and also a moderate amount of 
relatively rare species. Smaller lakes generally exhibited a linear or convex 
curve indicative of a more even species abundance pattern, generally no 
dominant species and few, if any, rare species. The significant negative 
relationship between equitability and both lake size and species richness 
supported this concept. This is contrary to the proposal of Evans et al. (1987) 
who suggested that increased diversity would be due to increased eveimess as 
the community becomes dominated by a few large predators. Although Evans 
et al. (1987) were referring to successional changes in a particular lake, while the 
data presented here describe changes among a set lakes of varying size, the 
pattern of increased diversity associated with less equitable abundance seems 
clear. 
An intriguing deviation from the pattern is Lake Springfield which, although 
it is a large reservoir, has several species with relatively high abundances. The 
reason for this is not clear, but knowledge of factors leading to this difference has 
potential applications for influencing and describing community structure. 
Community ordination 
The main purpose of the multivariate direct gradient analysis was to ascertain 
the main environmental variables influential in determining community 
structure. Also, some determination of the usefulness of the lake classification 
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system and value of guilds as a community summary tool was necessary. 
Numerous investigators have delineated fish communities based on species 
composition and attempted to relate those to environmental variation (Harvey 
1978; Harvey 1981; Tonn et al. 1983; Dolman 1990). My analysis suggested that 
three (FACTl-3) of the four factors were approximately equally useful in 
determining relative species biomass in lakes. Lake size, conductivity-growing 
season, and depth were all weighted heavily in the analysis (Figure 5). 
However, as indicated by the relatively low eigenvalues there was still a great 
deal of variation remaining. 
Tonn et al. (1983) found five environmental variables useful in delineating 
simple communities in northern Wisconsin bog lakes: area, pH, maximum 
depth, watershed, and conductivity. In Texas reservoirs, two main gradients 
were influential; an east-to-west gradient in water quality and a 
northwest-to-southeast gradient in surface elevation and growing season 
(Dolman 1990). Elevational differences in Illinois were negligible, but growing 
season was 50 days less in the north than in the south. Volume, alkalinity and 
conductivity were also weighted heavily in Dolman's first canonical axis, but 
surface area, drainage area, and age were not important variables. 
While environmental variables alone seem to account for a substantial 
percentage of the variation in Illinois lake fish community structure, the 
influence of inter-specific interactions was not evaluated. The environmental 
gradients may act as a framework for determining which species can exist at a 
particular biomass level. However, whether such existance actually occurs may 
depend on factors such as competition, prédation, climatic variability, or other 
factors. Thus, the framework of environmental variables can be built upon by 
future investigations into other factors influencing fish community structure in 
lakes. 
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APPENDIX A. LAKE NAMES AND COUNTIES FOR THE 41 LAKES USED IN 
THIS STUDY. 
Lake name Countv 
Beaver Dam Lake Macoupin 
Big Lake Kendall 
Braidwood Lake Will 
Carlyle Lake Clinton 
Coffeen Lake Montgomery 
Dawson Lake McLean 
Defiance Lake McHenry 
Dresden Lake Grundy 
East Fork Lake Richland 
Forbes Lake Marion 
Gillespie New City Lake Macoupin 
Glen Shoals Montgomery 
Greenville New City Lake Bond 
Heidecke Lake Grundy 
Jones State Lake Saline 
Lake Jacksonville Morgan 
Lake Sangchris Christian 
Lake Shelbyville Shelby 
Lake Sprin^ield Sangamon 
Lake Zurich Lake 
LaSalle Cooling Pond LaSalle 
Lincoln Trail Lake Clark 
Mccullom Lake McHenry 
Mermet State Lake Massac 
Monee Reservoir Will 
Newton Lake Jasper 
Otter Lake Macoupin 
Pierce Lake Winnebago 
Pittsfield Lake Pike 
Ramsey Lake Fayette 
Red HiUs Lawrence 
Rend Lake Franklin 
Sam Parr Lake Jasper 
Sand Lake Lake 
Shabbona Lake Dekalb 
Spring Lake (north) Tazewell 
Spring Lake (south) Tazewell 
Turner Lake-COLSP Lake 
Washington County Lake Washington 
Weldon Springs Dewitt 
Wolf Lake Cook 
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APPENDIX B. FORMULAS USED IN THE BIAS CORRECTION OF 
ELECTROnSHING AND GILL NETTING DATA. 
Table Bl. Efficiency equations with data from Bayley and Austen (1987) based 
on a logistic model using the Generalized Linear Interactive Model 
system (GLIM; Payne 1987). Two parameter sets are given for 
electrofishing; one includes weed parameters the other does not. 
This permits application of the efficiency equations to samples with 
no weed cover information where: 
Efficiency = !/{! + exp[-(constant + (L x TLCM) + (LSQ x TLCM2) + 
(Mean x INMD) + (Weed x Weedcover))]} 
where: TLCM = fish total length (cm) 
INMD = inshore mean depth (m) 
Weedcover = percent of surface with vegetation (0-100) 
Species 
group Gear Constant L LSQ Mean Weed 
CPS E -5.612 0.2793 -0.004049 -2.137 -0.02203 
E -6.588 0.3667 -0.005788 -2.286 
G -9.926 0.3983 -0.005444 
CAT E -7.790 0.2793 -0.004049 -2.137 -0.02203 
E -9.197 0.3667 -0.005788 -2.286 — 
G -11.560 0.3983 -0.005444 — 
BLG E -6.507 0.5436 -0.01762 -0.8269 -0.02791 
E -8.971 0.6165 -0.01902 — — 
G -11.365 0.3983 -0.005444 — 
Table Bl. (continued) 
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Species 
group Gear Constant L LSQ Mean Weed 
CAP E -7.768 0.4079 -0.006811 -0.7069 -0.01353 
E -8.042 0.4348 -0.007478 -0.6907 — 
G -10.472 0.3247 -0.005264 — — 
FRD E -5.881 0.2793 -0.004049 -2.137 -0.02203 
E -6.992 0.3667 -0.005788 -2.286 
G -13.586 0.3983 -0.005444 — 
GSF E -4.548 0.2793 -0.004049 -2.137 -0.02203 
E -5.353 0.3667 -0.005788 -2.286 
G -10.80 0.3983 -0.005444 
SHA E -9.559 0.6997 -0.01787 -0.3881 -0.01182 
E -11.42 0.8468 -0.02181 -0.1332 
G -11.044 0.3983 -0.005444 — 
LMB E -5.164 0.3054 -0.005615 -0.3531 -0.02137 
E -6.598 0.3653 -0.007123 — 
G -10.25 0.3247 -0.005264 
CRP E -5.588 0.2793 -0.004049 -2.137 -0.02203 
E -7.017 . 0.3667 -0.005788 -2.286 — 
G -10.256 0.3983 -0.005444 
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Table B2. Species groups and length ranges used in Section IV. 
CPS (12-50 cm) 
Bigmouth buffalo 
Golden redhorse 
River carpsucker 
Smallmouth buffalo 
Shorthead redhorse 
Goldfish 
Quillback carpsucker 
White sucker 
Walleye 
Gizzard shad 
Threadfin shad 
Bluntnose minnow 
Brook silverside 
Emerald shiner 
Golden shiner 
GSF (8-30 cm) 
Green sunfish 
Warmouth 
BLG (8-30 cm) 
Bluegill 
Longear sunfish 
Orangespotted sunfish 
Pumpkinseed 
Redear sunfish 
Fathead minnow (5 cm min.) 
CAP (12-50 cm) 
Common carp 
LMB (12-55 cm) 
Largemouth bass 
Smallmouth bass 
Bowfin 
Grass Pickerel 
Muskellunge 
Northern pike 
SHA (12-30 cm) 
BLB (12-50 cm) 
Black bullhead 
Brown bullhead 
Yellow bullhead 
Channel catfish 
Flathead catfish 
CRP (10-40 cm) 
White crappie 
Black crappie 
Striped bass 
White bass 
Yellow perch 
Yellow bass 
FRD (12-50 cm) 
Freshwater drum 
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BLB Group 
10 20 30 40 
Total length (an) 
50 10 20 30 40 50 
Total length (cm) 
(note 1.5 m depth, 50% weed is 0 effic) 
FRD Group GSF Group 
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Total length (cm) 
20 30 40 
Total length (cm) 
Figure Bl. Graph of AC boat electrofishing efficiency for four species groups based 
on formulae in this appendix. Upper line illustrates efficiency at 0.5 m 
inshore mean depth and 0% weed cover, lower line is efficiency at 1.5 m 
mean depth and 50% weed cover. Shaded areas are outside bounds of use. 
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CAP Group 
Total length (cm) Total length (cm) 
SHA Group LMB Group 
Total length (cm) Total length (cm) 
Figure B2. Electrofishing efficiency as previously defined. 
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Top=BGB, 2nd=WHC, 3rd=GSF, Top= GZS, 2nd=BLG, 
4th=BLB, bottom=FRD 3rd=LMB, bottom=CAP 
Figure B3. Electrofishing efficiency data (top) and gill net efficiency data (bottom). 
Gill net efficiency curves reflect fish length and length squared only. 
For species group codes see previous section of this appendix. 
CRP Group 
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APPENDIX C. LENGTH-WEIGHT REGRESSION PARAMETERS USED IN 
ESTIMATING BIOMASS FROM RAW LENGTH-FREQUENCY 
DATA. 
Formula is as follows: Weight (g) = (a) x (Length) b 
Species a b 
LMB 0.0000041087 3.2112 
BLG 0.000013608 3.0584 
GZS 0.000012294 2.9570 
CAP 0.000013207 2.8926 
BGB 0.000009609 3.0850 
BLB 0.000036392 2.9350 
BLG 0.000011408 3.0332 
BLS 0.000004457 3.1850 
BOW 0.000010940 2.9920 
BRB 0.000008690 3.0650 
BRS 0.000006324 2.9470 
CCF 0.0000015438 3.2764 
EMS 0.000019498 2.7300 
FCF 0.000004634 3.1380 
FHM 0.000046345 3.2380 
FRD 0.0000037703 3.1973 
GOF 0.000045499 2.7320 
GOR 0.000062806 3.0980 
GOS 0.000004943 3.2940 
GRP 0.000001718 3.2060 
GSF 0.0000085173 3.1644 
LOS 0.000016982 3.1600 
Appendix C. (continued) 
Species a b 
MUE 0.000003451 3.2590 
NOP 0.000002805 3.1220 
ORS 0.000001236 2.5300 
PUD 0.000018197 3.1856 
RSF 0.0000074748 3.1992 
RVC 0.000016749 2.9530 
SAB 0.000057677 2.7360 
SHR 0.000062806 3.0980 
SMB 0.000003999 3.3561 
THS 0.000023442 2.8000 
ULL 0.000012023 3.1340 
WAE 0.0000039756 3.1390 
WAM 0.000031696 3.0490 
WHB 0.0000094776 3.0342 
WHC 0.0000015011 3.3835 
WHS 0.000016406 2.9140 
YEB 0.000016144 2.9730 
YEP 0.000075336 2.6170 
YLB 0.000023496 2.8706 
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GENERAL SUMMARY 
CONCEPTUAL MODEL OF FISH COMMUNITIES 
IN ILLINOIS LAKES 
Introduction 
Two major problems characterize the present state of freshwater fisheries 
management (1) single species models fail to effectively predict fish yields, and 
(2) species interactions are known to be important in the production dynamics 
of aquatic systems, yet they are infrequently considered (Evans et al. 1987). 
These failures suggest that we pursue one of two different avenues. 
The first would be to further explore single species models with the 
expectation that they can be improved. Carline (1986) suggests that such 
improvements may result in models explaining up to 80-90% of the variation in 
total yield. However, he noted that managers can do little to change the basic 
productivity of lakes. Furthermore, management is generally less concerned 
with total yield than with the structure of the fish communities, particularly in 
that management is directed towards attaining specific species of desirable sizes. 
Thus, fish community structure is routinely, and often inadvertentiy or 
unknowingly, modified by management practices, but our ability to predict 
community structure and the effects of management on community structure 
are limited (Carline 1986). 
The second direction would be to look to the multispedes level where we 
can incorporate community level effects. A multitude of factors have been 
implicated in influencing community structure. Evans et al. (1987) stated that 
community structure in temperate lakes is dependent on habitat characteristics 
modified by intra- and inter-specific interactions. Prédation, they suggested, has 
a dominant role in the organization of communities, as does resource sharing 
among species both within and between guilds. Total fish production, they 
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continued, is primarily determined by energy, edaphic factors, and nutrient 
effects (Evans et al. 1987). Harvey (1978) summarized community structure 
development by stating that community structure in a lake depends, in part, on 
historical factors such as connections with other water bodies and on the 
presence of species to move through these connections. The fish fauna of a lake 
is then modified by the species' ability to survive in the lake and environmental 
changes that might cause extinction. 
Of the main factors influencing community structure it appears reasonable 
to create three levels of hierarchy (Figure 1). First is a set of large-scale factors 
such as climate and glacial history that set general levels of production, general 
faunal diversity, and interact with life history characteristics, such as 
temperature tolerance, to determine suitability. A second group consists of local 
modifiers that dictate levels of productivity, available habitat types, and 
susceptibility of an area to immigration of species. The third level is within-lake 
factors such as prédation, competition, and life history characteristics that 
influence the ability of a species to survive and flourish in a particular body of 
water. Of course, there are many examples of these levels interacting. For 
example, climatic variation not only influences production on a hemispheric or 
global basis (Schlesinger 1982; Schlesinger and Regier 1983) but may, on another 
scale, differentially influence spawning success on a local level. 
Large-scale Influences 
Glacial influences 
Because the fish fauna found in present day Illinois reservoirs is, in part, a 
reflection of the fauna of the rivers on which they were formed, it is important 
to understand their geological origins. For Illinois, the Mississippi River has 
played several roles in influencing the present fauna; as a center of fish 
distribution, as a refuge during times of glaciation, and as a refuge for species 
representative of past faunas (Moyle and Cech 1982). The composition of the 
freshwater fish fauna of any region is a reflection of the past climatic and 
Large-scale 
Processes 
Local 
Processes 
In-lake 
Processes 
Present fish 
assemblage 
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Figure 1. Conceptual model of the potential factors affecting community composition of lake fish communities. 
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geologic stability of the region (Gilbert 1980 as dted in Robison 1986) and the 
Mississippi River has acted as a long-term stable refuge for fishes in the 
midwest. 
Presently comprised of about 217 species (Burr and Page 1986), the lower 
Ohio-upper Mississippi River fish fauna was influenced most by the Pleistocene 
glaciation and, more recently, by humans (Burr and Page 1986). The glaciation 
pushed fishes south but simultaneously resulted in ponding in the Teays 
drainage which allowed dispersal of some species (Hocutt 1979). Also, it is 
postulated that during the Pleistocene glaciation, lowered sea levels and reduced 
river flow led to a Mississippi River that was cooler, less turbid, and less 
sluggish, thus providing a more hospitable avenue for movement of some 
species who require such conditions (Gilbert 1964). With the glacial retreat, 
fishes dispersed north in several "waves" to repopulate areas uncovered by the 
glaciers (Ramsey 1965). Aggradation in the postglacial Mississippi River basin, 
however, led to a more turbid, slower flowing river which altered its suitability 
for many species and created a barrier to movement or dispersal for some 
(Robison 1986). Glacial separation of species ranges and the barrier presented by 
the Mississippi has resulted in several closely related species being found with 
widely separated ranges with some splitting into distinct species. Overall, 
however, the Upper Mississippi River drainage can be best characterized by its 
uniformity of fauna (Burr and Page 1986). 
The creation of a reservoir on a river captures a given subset of river and 
stream dwelling species whose origins trace back to a set of species that was able 
to recolonize Illinois after the Pleistocene. Many of these species would be 
characterized by adaptation to lotie environments. Burr and Page (1986) 
characterized the 217 species in the lower Ohio-upper Mississippi River drainage 
according to their general habitat associations; euryhaline, lowland, upland, big 
river, stream, and creek, and subterranean (most species were associated with 
several). Only two of the 217 species in the drainage are predominately 
lacustrine in habitat preference (Salvelims namaycush and Notropis hubbsi). 
Seventy-two of the species are associated with lowlands and 61 species are found 
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in both uplands and lowlands (Burr and Page 1986). It is these species which 
could be expected to be the most likely successful inhabitants of reservoirs. 
Indeed, of the 42 species found to be dominant in Illinois reservoirs, and 
disregarding the introduced carp and striped bass, all are associated with lowland 
habitats. Of the other habitat types delineated by Burr and Page (1986), most 
species are found in several habitat types and about the only conclusion that can 
be made is that the species are habitat generalists. 
Thus the potential fauna of the region is a result of the glacial history and 
drainage evolution. The species that inhabit a particular stream basin, and thus 
group of lakes, is dependent upon effects acting on a more regional scale. 
Climate and production 
Before moving to the next level in the hierarchy, regional processes, it is 
useful to discuss the effects of climate on general levels of production. 
Schlesinger and Regier (1982) analyzed 123 lakes located between 62° N and 15° S 
latitude and reported that, on a global basis, temperature was a better predictor of 
fish yield than the morphoedaphic index. In each of six different climatic zones, 
they noted, different yields could be expected at given MEI levels with 
production being higher at the lower latitudes. Jenkins (1967) also found 
growing season to be correlated with sport and commercial fish harvest in a set 
of 210 lakes located throughout the United States. Similarly, Christie and Regier 
(1988) used, as a predictor of fish yield, an index describing the proportion of a 
lake that was within a specific temperature range. Good correlations were found 
between this index, termed thermal habitat volume (or area), and yields of lake 
trout, whitefish, walleye, and northern pike. Summer temperature availability 
in northern temperate lakes, it was concluded, was related to production. Global 
temperature gradients thus set a broad pattern for fish production. In general, 
lakes in warmer climates potentially produce higher yields than those in colder 
climates, but this may be modified by the fish community and other factors. 
In the Illinois lake set, the influence of temperature was accounted for in 
the variables growing degree days and growing season (Section HI). Growing 
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season ranged from 152 days in the north to 206 in the south while growing 
degree days were 2618 and 4330 in the north and south, respectively. Also 
related to the North-South axis of Illinois was alkalinity and conductivity, both 
tending to be higher in the north. All four of these variables were incorporated 
in factor 2 of the principal components analysis which, although accounting for 
substantially less variation than the lake size factor (factor 1), still accounted for 
16% of the variation in the data. 
Simple correlation analysis of estimated total biomass per hectare with 
factor 2 revealed no significant relationships. When the community was 
assessed in terms of guilds (see Section in for definitions of spawning, Salon's 
reproductive, and trophic guilds) there were also no significant correlations 
between guild biomass and factor 2. Such a result suggests that either the 
temperature differential in Illinois is insufficient by itself to cause gradients in 
fish standing stock or that other factors interplay with climate to make 
distinguishing the effects of temperature difficult. Jenkins (1976), for example, 
found that, in a set of 20 Oklahoma reservoirs, growing season was not 
correlated with biomass. In a different analysis where growing season ranged 
from 120-330 days, much greater than the range in Illinois lakes, Jenkins and 
Morais (1971) found that harvest of sunfish and black bass was positively related 
to growing season. This suggests that it may be typical of regional datasets that 
the effect of temperature on production is not noticeable. Therefore, the 
incorporation of climate effects is important when assessing standing stock or 
production on a large scale but may not be as relevant at the local level. Also, it 
should be noted that standing stock represents the fish biomass present at a 
particular time and is not equivalent to production or yield as in Schlesinger 
and Regier (1982) and Christie and Regier (1988). A low standing stock, for 
example, can be associated with high yields if fishing effort is sufficient or if the 
production-biomass ratio is high, and it is important to distinguish between the 
two when undertaking multi-lake comparative analyses. 
Climate also plays a role in species distribution in that it interplays with a 
species life history, specifically thermal preference. In the ordination analysis 
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(Section IV), the North-South factor was highly influential in explaining the 
separation of species or guilds in all diagrams as indicated by the length of the 
vector associated with factor 2. In general, factor 2 separated several of the 
coolwater species such as northern pike, grass pickerel, bowfin, brown bullhead, 
and pumpkinseed from the remainder of the species in the canonical 
correspondence analysis joint plot (Section IV, Figure 5). There appeared to be 
two other groups of species in terms of their response to this gradient; (1) a 
moderate temperature group comprised of golden shiner, fathead minnow, 
white sucker, emerald shiner, brook silverside, yellow perch, muskellunge, and 
white bass, and (2) a group of generally warmwater fishes consisting of the 
remainder of the 42 species. On the warm end of the spectrum are found redear 
sunfish, longear sunfish, green sunfish, and threadfin shad. Thus, although the 
Illinois climate gradient does not appear to affect levels of standing stock it does 
determine, to some extent, the potential species composition of lakes. 
Local Processes 
To the right in Figure 1 is a series of processes that act on either the 
individual lake level or on groups of lakes located in relatively close proximity 
to each other. This includes such factors as location of the lake in a watershed, 
connectance to other lakçs or nearby larger rivers, and many of the limnological 
characteristics that describe a lake such as surface area, mean depth, etc. 
A wide variety of water chemistry and lake morphometry parameters have 
been related to both total lake fish yields and the composition of various aspects 
of the fish community. Carline (1986) summarized many of the variables found 
to be related to standing stock (also see Introduction and Section IV) and I will 
not review these studies here. Of greater interest are investigations into the 
development of community structure predictive indices. 
Jenkins (1976) reconstructed estimates of fish community structure from 
cove rotenone samples and developed linear models for various aspects of the 
community. For example, bottom feeders (shad, buffalo, carp, drum, catfish, and 
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carpsuckers) which represented 70-85% of the total standing crop, were best 
predicted by storage ratio (n=20, r2=.65, P<0.01). In a latter analysis, Ploskey and 
Jenkins (1982) divided up fish communities into six types of fish biomass that 
were defined based upon their principal food source. From this they attempted 
to develop a model useful for evaluating the effects on the community of 
various perturbations (e.g., reservoir operation, stocking, harvest, etc.). This 
model allowed Ploskey and Jenkins (1982) to propose several hypotheses 
regarding the functioning of fish communities. The first was that reservoir 
fishes are efficient grazers and seasonally overrun their food supply thus leading 
to the conclusion that food shortages are an inevitable, natural phenomena. A 
second hypothesis was that pisdvore mortality in many lakes is mostly 
attributable to seasonal prey deficiencies, thus management strategies such as 
length limits, which attempt to change mortality patterns, would be ineffective. 
These types of approaches, though not strictly predicting community structure, 
nonetheless use community concepts to produce useful hypotheses. 
The development of a community predictive model was attempted by 
Tonn and Magnuson (1982) and Tonn et al. (1983) using a set of small, northern 
Wisconsin bog lakes. The authors used discriminant analysis to determine that 
watershed size, lake area, and maximum depth combined to separate the lakes 
based on their fish communities. This was interpreted to mean that the type of 
fish assemblage present was a reflection of winter oxygen concentrations in 
conjunction with the availability of refuges from low oxygen and predators. 
Utilizing this type of analysis they could accurately predict the fish community 
of nearby lakes, given that they fell within the bounds of the range of the 
variables in their data set. Henderson (1985) analyzed the northern Wisconsin 
data set and four others for community organization and made two relevant 
conclusions: (1) given sufficient information, fish assemblages are predictable 
and that by limiting predictions to subgroups the information required may be 
manageable, and (2) fish essentially divide lakes into independent habitats each 
of which is competed for by a number of species, this independence suggests that 
fish communities should be stable. Therefore, within specified bounds. 
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community type is predictable and appears to be consistent given that the correct 
environmental parameters are chosen and that other factors (e.g., human) do 
not come into play. 
For the Illinois lake data set I selected 19 limnological or otherwise 
descriptive parameters based on a literature survey of factors. Each of the 
parameters was reported in the literature to be influential in determining 
production or community structure. These were simplified, using principal 
components analysis, into four factors: lake size, North-South gradient, depth, 
and percent of lake as littoral zone (Section HI). Although these factors were 
primarily physical descriptors of the lake, several of them were good correlates 
of productivity (e.g., mean depth (Rawson 1952)). I did not include any of the 
more direct estimators of basic productivity such as chlorophyll (Jones and 
Hoyer 1982) because data were not available for a sufficient number of lakes to 
allow analysis. However, such data would provide a useful check on the 
relationship between the characteristics actually used and the more direct, but 
still approximate, correlate of primary production given by chlorophyll 
measurements. 
Factors 1 (lake size), 3 (depth), and 4 (littoral zone) were all lake descriptors 
seemingly characterizing the type of habitat available. Lake size reflects the 
amount of habitat available, while depth and percent of lake as littoral zone 
reflect how the habitat is distributed within the lake. No single factor was 
significantly correlated with total biomass and only the lake size factor was 
correlated with any of the individual guild biomass estimates. Lake size was 
correlated with biomass of the SIO spawning guild (gizzard shad, freshwater 
drum, and striped bass). Salon's A.1.1 guild (emerald shiner and freshwater 
drum) and trophic guild T8 (freshwater drum and 8 other species, see Section 
III). Included in the original 19 environmental variables were the stream order 
of the outflowing stream, pH and lake age. None of these were selected by the 
principal components analysis as significant in describing variation between 
lakes, thus they were dropped from further analysis. 
When the composition of the fish community was assessed as linear 
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combinations of the principal components factors (factors 1-4), as was done in 
canonical correspondence analysis, the first two axes generally accounted for less 
than 40% of the variation in the data. The third and fourth axes added little to 
the analysis. This left as unaccounted a great deal of variation in community 
structure. Three possible explanations exist; (1) other environmental variables 
need to be added to better characterize the lakes, (2) short-term variation (1-5 
years) in community structure may be due to population dynamic effects (e.g. 
recruitment), which can be accounted for by using data averaged over longer 
time periods (e.g., 10 years), and (3) the need to incorporate the effects of 
interspecific interactions. Because the selection of variables was fairly 
comprehensive and the amount of variation yet to be explained was relatively 
large, it seems reasonable to believe that species interactions and human caused 
perturbations (fishing, stocking, lake manipulations, etc.) may be responsible for 
a great deal of the variation in community structure in Illinois lakes. 
In-lake Processes 
The relative importance of prédation versus competition in shaping 
animal community structure has been well discussed (Connell 1975; Connell 
1983; Roughgarden 1983; Schoener 1983, among others). Connell (1975) 
suggested that prédation should be of primary importance in community 
structure by either directly determining species composition or by preventing 
competitive exclusion. In harvested systems, it is also important to include 
fishing as an aspect of prédation. Under two circumstances the role of prédation 
would be reduced, the first being in areas of harsh conditions where predators 
have difficulty surviving and the second being where prey have evolved 
defensive mechanisms that allow them to survive in the presence of predators. 
In the work of Tonn et al. (1983) on northern Wisconsin lakes, for example, low 
oxygen concentration prevented the establishment of predators in certain lakes, 
thus allowing persistence of an Umbra limi and cyprinid dominated community. 
However, neither of the situations discussed by Connell (1975) seem to be major 
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problems for the majority of Illinois lakes, though low dissolved oxygen may 
occur during harsh winters in the north. 
Prédation has been found to have large effects on community structure in a 
variety of situations (Cormell 1975) and this has certainly filtered into 
management applications (Carpenter et al. 1985). The question to be asked, then, 
is how do we account for prédation effects in developing predictive indices of 
community structure? 
The Next Steps ... 
Establishing a framework for future research was one of the central goals of 
this dissertation. In Section I the required sampling effort was explored and 
minimal sampling programs were suggested in order to obtain adequate 
descriptions of lake fish communities. This sampling, in conjunction with 
correction for sampling efficiency (Section IV, Appendix B) resulted in a 
database of lakes comparably sampled and represented on a common scale. The 
variation in environmental variables describing the lakes and the classification 
of lakes based upon a subset of these variables provided a means of grouping 
together lakes that were similar in terms of habitat. Finally, the utilization of 
guilds allowed for comparison of community structure among lakes of varying 
species assemblages. This becomes increasingly important as the data sets 
become more geographically diverse. What this left us with was a means of 
statistically blocking lakes and comparing various effects, such as management 
actions, on fish communities. Several field experiments are amenable to such a 
design. 
(1) Addition (or removal) of piscivores to a lake would provide a means for 
assessment of increased upper trophic level prédation on community structure. 
Commonly, piscivores (e.g., walleye and striped bass) are added to reservoir 
systems under the assumption that, because there are no native pelagic 
pisdvores, there is an open niche to fill and adding such species will have no 
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effect on the present community. For example, Fernando and Holcik (1982) 
asserted that the pelagic zones of large reservoirs were inhabited by fish only 
when true lacustrine pelagic species were present within the watershed or were 
introduced. The establishment of these species, therefore, should have had no 
effect on indigenous species; in other words, there were vacant niches to be 
filled (Fernando and Holcik 1982). Stocking records allow identification of lakes 
which have received introductions. Community structure in these lakes could 
be compared with lakes which have not had such introductions. More ideally, 
lakes could be paired based on similarities in community structure and one of 
each pair stocked with the other acting as a type of control. This type of design 
would be similar to the before-after, control-impact (BACI) design proposed by 
Stewart-Oaten et al. (1986) for the study of thermal pollution effects, such as that 
from power plants. Also amenable to this kind of analysis would be 
management strategies such as length limits. 
(2) Recruitment and the factors affecting recruitment can be investigated using 
sets of similar lakes. Spawning stocks can be reduced or increased by altering 
regulations or by manual removal of fish, thus creating various levels of parent 
stock biomass simultaneously. Recruitment would be estimated in succeeding 
years and related to the parent stock and other environmental variables 
measured during the study. This would control for many of the climatic effects 
that presently confound analyses of the factors contributing to recruitment 
success and failure. 
In addition to these avenues for exploration there is still a great deal of basic 
fish life histoty information that is needed. Little is known about the food 
habits and habitat preferences for the larval and juvenile stages of most non-
sport fishes, with the exception of some species upon which game fish feed. 
Some species, such as the quillback carpsucker, have poorly described spawning 
requirements. Species like the black buffalo (Ictiobus niger), which was not 
included in this analysis, have very incomplete life history descriptions. Before 
we can understand the interactions between members of a community of fishes 
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we must have a basic understanding of the life history of the component species. 
Life history studies on these "non-game" species may not have immediate 
management applications, but their utility to understanding communities and 
thus, management effectiveness, should not be underestimated. 
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